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PREFACE 


la this volume are the papers and discussions on Geology, Mining, 
Milling and Coal that were presented at the Chicago meeting in Sep- 
tember, 1919, and at the New York meeting in February, 1920. 

These papers were printed in Bulletins 147 to 153, and as Sections of 
Mining and Metalldegy in January and February, 1920, but because 
some of the papers presented at these meetings are reserved for future 
volumes, only BuUetins 147 to 149 are entirely superseded. 

The Proceedings of the New York meeting, February, 1920, including 
reports of Officers and Committees for the year 1919, are printed in 
this volume. 
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Proceedings of One Hundred and Twen^sr-first Meeting, New York City, 

February, 1920 

The 121st meeting of the Institute held in New York City, Feb.l6 
to 19, 1920, was a great success despite vicissitudes of weather of unusual 
severity. On account of snowstorms, only two members of the Canadian 
contingent arrived, and several members from the west arrived thirty 
hours late. Two weeks prior to the meeting, the heaviest snowstorm in 
24 years wrecked the surface transportation in New York; and it was 
only by special dispensation that arrangements were effected with the 
New York Street Cleaning Department to clear away 39th street in 
front of the Engineering Societies Building so that vehicles could reach 
the curb. The total registration of members and guests was 1138. 

The Annual Smoker 

The annual smoker was held on the fifth floor of the Engineering 
Societies Building, Monday evening, Peb. 17. The attendance, as usual, 
was between four and five hundred. 

The Ladies Entertainment 

The ladies were enteitained at the luncheons at Institute headquarters 
each noon. For Monday afternoon, a trip was planned to various art 
museums but, because the heavy snow made it impossible for automobiles 
to travel anywhere except on Fifth Avenue, there was substituted a visit 
to the Public Library, where a collection of enlargements of photographs 
of the Signal Corps taken in France was opened especially for the A. I. 
M. E. ladies. This was followed by a delightful tea at Mrs. Mark L. 
Requa’s apartment on Fifth Avenue. In the evening, the ladies were 
entertained at the Capitol Theater, the largest theater in the world 
which shows moving pictures with an ever-changing bill of frivolity 
review. 

Tuesday afternoon. Senator W. A. Clark generously, as he has so 
many times in the past, opened his art galleries to our members; this 
was followed by tea. 

On Wednesday afternoon, the ladies were entertained at a matinee 
party to see “Monsieur Beaucaire,” which was pronounced one of the 
most delightful of musical plays. 

Many of the ladies braved the unpropitious weather Thursday morn- 
ing and joined the party visiting the Bush Terminal. 
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Annual Banquet at Waldorf 

The banQuet of the Institute wus held at the Waldorf Tuesday 

evening and was preceded as usual by a reception, given by Mi, and 
Mrs. Winchell to Mr. and Mrs. Hoover. There were only three speakers, 
Mr. Winchell, Mr. Hoover, and Professor Kemp. Lawrence Addicks 
presided as toastmaster as happily as he did the year before. The din- 
ner was followed by a dance, which was continued until 2 a. m. 

Excursion to Bush Terminal 

On Thursday, an excursion was made to the Bush Terminal in Brook- 
lyn. Owing to a fierce snowstorm, which began early Thursday morning, 
many members who had registered for this trip and who could not foresee 
that at noon the sun would be shining, were prevented from visiting a 
most interesting place. Besides visiting the warehouses, where many 
steamers were loading and unloading interesting and varied cargoes, from 
Red Cross supplies to crude rubber from the tropics, there was loft 
building after loft building which revealed the complete manufacturing 
plant for Lily drinking cups; a complete cigar manufacturing plant of 
the U. S. Cigar Stores Co.; a complete paper mill with a capacity of 100 
tons of newsprint per day, which is owned and operated by the New York 
Times for its own consumption. 


Annual Meeting 

At the annual meeting of the American Institute of Mining and 
Metallurgical Engineers, held at the headquarters of the Institute, on 
Tuesday, February 17, 1920, at 9.30 a.m., President Horace V. Winchell 
in the chair, about sixty members were present in person, and over 
twenty-five hundred members voted by letter ballot. 

The minutes of the annual meeting on February 18, 1919, wore pre- 
sented and approved. 

The following reports were presented in printed form, and wore 
accepted and ordered filed: Report of the President, Report of The 
Treasurer, Report of the Secretary. 

The Tellers appointed to count the ballots for Officers and 3)ire<^i <a\s 
presented the following report: 

For Director and President, Herbert Hoover, 2274. 

For Directors and Vice-presidents, S. W. Mudd, 2208; Prodcrick 
Laist, 2195. 

For Director, A. S. Dwight, 2202; R. M. Gatlin, 2187; W. A. ( !arlylc, 
2183; William M. Corse, 2182; G. H. Clevenger, 2180. 

The President thereupon declared these men elected. 

The report of the Tellers on the proposed amendment to the (lonsti- 
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tution increasing the annual dues made the following report: 1727 ballots 
in favor of the amendment; 361 ballots opposed to the amendment. 

The President announced that the amendment had carried. 


Result of Ballot on Simplified Spelling 

The report of the Tellers on the proposed changes in spelling presented 
by the petitioners was as follows: 

First Proposal. — 836 ballots opposed to the proposal, 152 ballots in 
favor of all of the words, 441 ballots in favor of part of the words, with 
a total of 593. No expression of opinion, 726 ballots. 

It was not considered necessary by the Tellers to count the ballots 
for each individual word because of the preponderance of votes opposed to 
the change. 

Second Proposal. — 652 ballots in favor of the proposal, 1081 opposed 
to the proposal. No expression of opinion, 250 ballots. 

Third Proposal. — 756 ballots in favor of the proposal, 1090 ballots 
opposed to the proposal. No expression of opinion, 303 ballots. 

Whatever discrepancies may appear in the total number of ballots 
cast in each of the three proposals are due to mutilated ballots. 

The President announced that all three proposals had been defeated. 


Reports of Committees 

The following reports of standing committees were presented in 
printed form, and were accepted and ordered filed; Executive Com- 
mittee, Finance Committee, Membership Committee, Committee on 
Papers and Publications, Library Committee. 

The report of the Committee on Development of the Activities of the 
Institute was presented in mimeographed form, together with the Joint 
Conference Committee of the four Founder Societies. The following 
resolution was thereupon moved by J. W. Richards, seconded by J. Parke 
Channing, and unanimously carried: 

“The American Institute of Mining and Metallurgical Engineers 
assembled in its annual business meeting, approves the principles of the 
report of the Joint Conference Committee, and authorizes its representa- 
tives on that Committee to act with that Committee in calling a meeting 
for the organization of the representative engineering body provided for 
in said report.” 


Technical Sessions 

The Technical Sessions were very well attended and the papers pre- 
sented were unusually interesting in value. They were as follows: 
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Oil 

Monday, Feb. 16, 10:30 a.m., E. L. De Golyer presiding. 

Oil Fields of Persia, By Campbell M. Hunter. 

Rise and Decline in Production of Petroleum in Ohio and Indiana. By J. A, 
Bownocker. 

Petroleum Resources of Kansas. By Raymond C. Moore. 

Role of Bed-rock in the Distribution of Hydrocarbons. By M. M. Monte-Flores. 
Water Displacement in Oil and Gas Sands. By Roswell H. Johnson. 

Tuesday, Feb. 17, 10:30 a.m., R. H. Johnson presiding. 

A Foreign Oil Supply for the United States. By George Otis Smith. 

Petroleum Resources of Great Britain. By A, C. Veatch. 

Genetic Problems Affecting the Search for New Oil Regions. By David White. 
Geologic Distillation of Petroleum. By Bailey Willis. 

Tuesday, Feb. 17, 2 p.m., Ralph Arnold presiding. 

Variation in Decline Curves of Various Oil Pools. By Roswell H. Johnson. 
Appraisal of Oil Properties. By Earl Oliver. 

International Aspects of the Petroleum Industry. By Van H. Manning. 

The Composition of Petroleum and its Relation to Industrial Use. By C. F. 
Mabery. 

Geology of the Cement Oil Fields. By F. G. Clapp. 

Oil and Coal 

Monday, Feb, 16, 2 p.m,, E. L. De Golyer presiding. 

Drilling and Production Technique in the Baku Oil Fields. By Arthur Knapp, 
Rock Classification from the Oil-driller’s Standpoint. By Arthur Knapp. 

Oil Fields of Kentucky and Tennessee. By L. C. Glenn. 

Petroleum in the Philippines. By W, D. Smith. 

A Resume of the Pennsylvania-New York Oil Field. By R. II. Johnson and 
Stirling Huntley. 

Petroleum in the Argentine Republic. By Stanley C. Herold. 

Low-temperature Carbonization of Coal. By S. W. Parr and T. 10. Layng, 
Demonstration Coal Mines. By J. J. Rutledge. 

Discussion on Anthracite Mining Costs. By E. W. Parker (of pap<u* by R. V, 
Norris, presented at the last February meeting.) 

Non-ferrous Metallurgy, Institute of Metals Division 

Tuesday, Feb, 17, 10:30 a.m., W. M. Corse presiding. 
Intercrystalline Brittleness of Lead. By H. S. Rawdon. 

A Peculiar Type of IntercrysUlline Brittleness of Copper, By lleiny S, Hawthm 
and S. C. Langdon, 

Relationship of Physical and Chemical Properties of Copper, By Frank L. 
Antisell. 

Milling and Smelting 

Tuesday, Feb. 17, 2 p. m., E. P, Mathewson presiding. 
Volatilization in Assaying. By Frederic P. Dewey. 

^ Reverberatory Furnace for Treating Converter Slag at Anaconda. By Frederick 
Laist and H. J. Maguire. 
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Goal-pulverizing Plant at Nevada Consolidated Copper Smelter, By R. E. H. 
Pomeroy. 

Milling Plant of the Alaska Gastineau Mining Co. By E. V. Daveler. 

Geology and Mining 

Wednesday, Feb. 18, 10 a.m., L. C. Graton presiding. 

Unwatering the Tiro General Mine by Air-lift. By S. F. Shaw. 

Earth and Rock Pressures. By H. C. Moulton. Illustrated by lantern slides. 
Rapid Formation of Lead Ore. By H. A. Wheeler, 

Ore Deposits in the Mogollon District, N. M. By David B. Scott. 

Examination of Ores and Metals in Polarized Light. By Fred. E. Wright. 

Iron and Steel 

Wednesday, Feb. 18, 10 a.m., J. W. Richards presiding. 

Blast-furnace Flue Dust. By R. W. H. Atcherson. 

Manufacture of Semi-steel for Shells. By Frank E. Hall. 

An Experiment in One-piece Gun Construction. By P. W. Bridgman. 

Tensile Properties of Boiler Plate at Elevated Temperatures. By H. J. French. 
Graphitization of White Cast Iron. By R. S. Archer. 

Application of the Microscope to the Malleable-iron Industry. By Enrique 
Touceda. 

Iron, Steel, andF&'rous Alloys 

Wednesday, Feb. 18, 2 p.m., H. D. Hibbard presiding. 

The Coefficient of Expansion of Alloy Steels. By John A, Mathews. 

Critical Ranges of Some Commercial Nickel Steels. By Howard Scott. 
Forgeability of Iron-nickel Alloys, By T. D. Yensen. 

Microstructure of Iron and Mild Steel at High Temperatures. By H. S. Rawdon 
and Howard Scott. 

Physical Changes in Iron and Steel below the Thermal Critical Range. By Zay 
JejEfrios. 

Industrial Organization 

Monday, Feb. 16, 10:30 a.m., T. T. Read presiding. 

Report of Progress in Americanization, 1919. By E. E. Bach. 

Report of Progress, Cripples in Industry, 1919. By Burr A. Robinson. 

Report of Progress, Mining Education, 1919. By E. A. Holbrook. 

Report of Progress, Employment, 1919. By W. A. Smith. 

Mondar, Feb. 16, 2 p.m., Arthur S. Dwight presiding. 

Report of Progress in Housing, 1919. By Will L. Clark. 

Report of Progress, Mental Hygiene in Industry, 1919. By T. T. Read. 

Report of Progress, Prevention of Illness, 1919. By H. I. Yoimg. 

R<iport of Progress, Accident Prevention, 1919^ By Francis Sinn. 

(' Contract Wage System for Mines. By A. K. Knickerbocker, 

Open Forwrif on Federal Mine Taxation 
Tu(‘sday, Fob. 17, 10:30 a. m., J. Parke Channing presiding. 
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Stabilization of the Bihmiimus Coal Industry 

The most important sessions were those on the stabilization of tlic 
bituminous coal industry, which was a plan evolved by retiring President 
Horace V. Winchell and President-elect Herbert Hoover for the partici- 
pation of engineers, especially mining enginccra, and all others who (‘ould 
add a ray of light to the problem under a constructive program for the 
better working of the bituminous coal industry, if not for thecoinplele 
solution of the bituminous problem. 

President Winchell presided at the first session and Herbert Hoover, 
the first speaker, presented the problem and outlined l.ho scope of tlu^ 
plan in mind which comprises; The causes of intcnuit.tcncy; how and 
when the irregularities occur; the actual number of days worked by llu; 
men at the mine during each season of the year; a possibh^ iilteratiou in 
the wage basis; actual wages received by workers during eacdi sc'ason ol 
the year; the question of storage in each of its phases, and as to all possibh* 
places for storage, such as at the mine, at the industrial plants, etc. 

The following sessions were held and an open forum aft('i‘ (‘ach session 
gave everyone concerned an opportunity to add to tlu' discuission. 

Tuesday, Fob. 17, 2 p.m., Hora(;c V. Winchell j>residing. 

A Definite Program of Study and Work for the A. 1 . M. K. an<I a ( 'onst.ruclivc 
Plan for the Better Working of the Bituininous Coal Indiustry. Hy H(>ih('rt Hoover. 

Problems of the Coal Industry. By Van 11. Manning. .Vn inf roductory slat c- 
nient outlining the problem under discussion and indicating its relative .significance 
as coinparod to other problems of the coal industry. 

Fluctuations in Coal Production— Their Extent and Can.s<‘,s. By (icorge Otis 
Smith and F. G. Tryon. A statistical analysis of the rat<' of output of a period of 
years, indicating the relative effect of shortage of transportation, shortage of la!)or, 
lack of market, and other factors in producing intormittency in llu; opendion of 
coal mines. 

Wednesday, Feb. 18, 10 a.m., Edwin Ludlow presiding. 

Storage of Bituminous Coal. By 11. H. Stock. Storage of hituininous coal; tal 
at the point of production; (.6) at centers of distrihution; (c) hy the consumer. Capital 
and operating cost of storage; breakage; loss in weight; lo.ss in healing value; spon- 
taneous combustion. 

Transportation as a Factor in Irregularity of (k>al-mino Cpcval.ioii. Hy S. L. 
Yerkos. Exact data as to tho real effe<tt transportation facilities hnv(^ on c(»al pro- 
duction; use of cars for storage; effect of more ('(juipment and its cost to tlie railroads; 
effect of lower rates in spring and summer; naluction of cross hauling; long hauls hy 
railroatLs of their own coal. 

Wednesday, Feb. 18, 2 p.m., J. V. W. Iloyudcns presiding. 

Stabilizing of Bituminous Coal Indxistry. By Eugene McAuliffe. Variations in 
tho market demand for coal; po.ssibilitios of a sliding scale of prices toward produeing 
regularity of buying. Effect of varying freight rates on tho market. Relation be- 
tweon the total demand and the productive capacity. How to provide mnrk<'lH for 
present productive capacity. 
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Conservation. By Edwin Ludlow. Conservation was considered in its three 
phases as follows: (a) In the methods of mining; (6) in the utilization of what 
are now byproducts at the mines and losses; (,c) by proper methods of firing in the 
boiler house. 


Annual Meeting of Woman’s Auxiiliary 

Tho first session of the Woman’s Auxiliary was held on Tuesday, 
Feb. 17, Mrs. James F. Kemp, the President, presiding. The report of 
tlio Tcdlcrs showed that the officers elected for the coming year are as 
follows: 

President, Mrs. Arthur S. Dwight. 

First. Vice-president, Mrs. H. P. Henderson. 

Sc'cond VicO“pi’o«ident, Mrs. Sidney J. Jennings. 

Third Vice-president, Mrs. Mark L. Requa. 

Se(‘.re<ary, Mrs. John V. W. Reynders. 

''I'reasurer, Mrs. Karl Filers. 

The r('.port of t.hc T(dlers on the proposed changes in the Constitution, 
was a.s follows: 


For change of name 95 Yes 

1 No 

BiiHots cast for tho proposed election of ofiicors of Central Coun- 

<‘.il fco hold ollice for two years instead of one 95 Yes 

1 No 

lia.llois cast in favor of iiscal year beginning March first instead 

t»f January first 89 Yes 

3 No 


Respectfully submitted, 

Mauklinb P. Stone, 

V. Grace Bahuour, 

Telkm, 


The Only Way Out 

Inaugural Address of Herbert Hoover, President A. I. M. 

1 HAVE bocui greatly honored as your unanimous choice for President 
of this Institute, with which I have been associated during my entire 
professional life. It is customary for your new President, on these occa- 
sions, to make some observation on matters of general interest from the 
engine(M‘’s standpoint. 

Tlu^ profession of (jnginoering in the United States comprises not alone 
s(n(m(.ifie advisers on industry but, in great majority, is comprised of the 
men in administrative positions. In such positions, they stand midway 
b<d.w<‘<^n e.apital and labor. The character of your training and exper- 
i<HHH'. 1('a<ls you to exact and quantitative thought. This basis of train- 
ing in a gr(sat group of Americans furnished a wonderful recruiting ground 
for s<‘rvic(‘ in thc^se last years of tribulation. Many thousands of engi- 
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neere were caHed into the army, the navy, and dviUan service for the 
government. Thousands of high offices were discharged by them with 
credit to the profession and the nation. 

We have in this country, probably, one hundred thousand professional 
engineers. The events of the past few years have greatly stirred their 
interest in national problems. This has taken practical form in the 
maintenance of joint committees for discussion of these problems and 
support to a free advisory bureau in Washington. The engineers want 
nothing for themselves from Congress. They want efficiency in govern- 
ment, and you contribute to the maintenance of this bureau out of sheer 
idealism. This organization for consideration of national problems has 
had many subjects before it, and I propose to touch on some of them tliis 
evening. 

Even more than before is there necessity for your continued interest 
in this vast complex of problems that must be met by our govcrnnunit. 
We are faced with a new orientation of our country to world problems. 
We face a Europe still at war; still amid social revolutions; some of its 
peoples are still slacking on production; millions are starving; therefore^ 
the safety of its civilization is still hanging by a slender thread. lOvery 
wind that blows carries to our shores an infection of sotual disease from 
this great ferment; every convulsion there has an economic reaedion upon 
our own people. If we needed further proof of the inlerclependc'nce of 
the world, we have it today in the practical blocdcade of our export 
market. The world is asking for us to ratify long delayed pi'act' in lh<^ 
hope that such confidence will be restored iis vrill enable her io recon- 
struct her economic life. We are contemplating the maintenance of an 
enlarged army and navy in preparedness for further upheavals in llu^ 
world and are failing to provide some insurancie against war by a league 
to promote peace. 

Out of the strain of war, weaknesses have become oven moix! ovidi'ui 
in our administrative organization, in our legislative macdiinory. Oui* 
federal government is overcentralized, for wc have upon tlui liands of 
our government enormous industrial activities that have yet to b<( de- 
mobilized. We are swam|icd with debt and burdened with taxation. 
Credit is woefully inflated, speculation and waste are rampant. ( )ur own 
productivity is decreasing. Our industrial population is crying for nuii- 
edies for the increasing cost of living and are aspiring to better eonilitions 
of life and labor. But, beyond all this, groat hopes and aspiration-s an' 
abroad; great moral and social forces have been stimulated by the war 
and will not be quieted by the ratification of peace. Those are but some 
part of the problems with which we must deal. I have no fear that our 
people will not find solutions; but progress is sometimes like the old- 
fashioned rail fence — some roils are mis-shapen and all seem to point the 
wrong way; but in the end, the fence progresses. 
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Your committees, jointly with those of other engineering societies, 
have had before them and have expressed their views in many matters 
concerning the handling of the railways, shipping, reorganization of the 
government engineering work, national budget, and other practical items. 

Demobilization of Railways 

The war nationalization of railways and shipping are our greatest 
problems in government control awaiting demobilization. There are 
many fimdamental objections to the continuation of these experiments 
in socialism necessitated by the war. They lie chiefly in their destruction 
of initiative in our people and the dangers of political domination that 
can grow from governmental operation. Beyond this, the engineers will 
hold that the successful conduct of great industries is to a transeendant 
degree dependent on the personal abilities and character of their em- 
ployees and staff. No scheme of political appointment has yet been 
devised that will replace competition in its selection of ability and chai- 
acter. Both shipping and railways have today the advantage of many 
skilled personnel, sifted out in the hard school of competition; and even 
then the government operation of these enterprises is not proving satis- 
factory. Therefore, the ultimate inefficiency that would arise from the 
deadening paralysis of bureaucracy has not had full opportunity for 
development. Already we can show that no government under pressure 
of the ever-present political or sectional interests can properly conduct 
the risks of extension and improvement or can be free from local pressure 
to conduct unwarranted services in industrial enterprise. On the other 
hand, our people have long since recognized that we cannot turn mon- 
opoly to unrestrained operation for profit nor that the human rights of 
employees can ever be dominated by dividends. 

Our business is handicapped on every side by the failure of our trans- 
portation facilities to grow with the country. It is useless to talk about 
increasing production to meet an increased standard of living in an in- 
creasing population without a greatly increased transport equipment. 
Moreover, there are great social problems underlying our transport sys- 
tem; today their contraction is forcing a congestion of our population 
around the great cities with all that these over-swollen settlements im- 
port. Even such great disturbances as the coal strike have a minor root 
in our inadequate transportation facilities and their responsibility for 
intermittent operation of the mines. We are all hoping that Congress 
will find a solution to this problem that will be an advanced step toward 
the combined stimulation of the initiative of the owners, the efficiency 
of operation, the enlistment of the good-will of the employees, and the 
protection of the public. The problem is easy to state. Its solution is 
almost overwhelming in complexity. It must develop with experience, 
step by step, toward a real working partnership of its three elements. 
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The retui-n of the railways to the owners places predominant private 
operation upon its final trial. If instant energy, courage, and large 
vision in the owners should prove lacking in meeting the immediate 
situation, we will be faced with a reaction that will drive the country to 
some other form of control. Energetic enlargement of equipment, bo< ler 
service, cooperation with employees, and the least possible advanw^ in 
rates together with freedom from political interest will bo the scales uywii 
which the public will weigh these results. 

National Merchant Marine not a Monopoly 

Important phases of our shipping problem (hat have come before' you 
should receive wider discussion by (he country. As the result ol war 
pressure, we will spend over $2,800,000,000 in the completion of a tiec't 
of 1900 ships of a total of 11,000,000 tons— nearly one-(iuar(cr of (.Ik* 
world’s cargo shipping. We aro proud of this great expansion of our 
marine and we wish to retain it under the American flag. Our shipping 
problem has one large point of departure from the railway i)rol)l(im, for 
there is no element of natural monopoly. Anyone with a water-tight 
vehicle can enter upon the seas today, .and our government is now cngag('<l 
upon the conduct of a nationalized industry in competition witli our own 
people and all the world bcsid(^s. While in the railways govt'rnnu'nt in- 
efficiency could be passed on to the consumer, on t.he .seas we will sooiu'r 
or later find it translated to the national treasury. 

Until the present time, there has Ijocn a shortage in the world’s ship- 
ping, but this is being rapidly overtaken and w(i shall soon be nn't witli 
fierce competition of private industry. If the government contimu's in 
the shipping business, we shall be disappointed from the jxiint. of view 
of profits, for wo shall be faced with the ability of private' ('iite'rprise to 
make profits from the margins of higher cost, of governim'iit opi'ralion 
alone. 

Aside from tho.so losses inherent in bureaucracy and political pressun', 
there are others special to this case. The largest sueei'issfully nmnagod 
cargo fleet in the worhl comprises about 120 ships and we an' at tempting 
to manage. 1900 ships at the hands of a govi'rnnient. bureau. In normal 
times the question of profit or loss in a ship is measured by a few humlrt'd 
tons of coal wasted, a little ext raviiganeo in repaire, or the four or five 
days on a round trip. Beyond this, private shipping has a free hand to 
sot up such give-and-take rclationshiiw with merchants all over the world 
as will provide sufficient cargo for all legs of a voyage. These arrange- 
ments of cofiperation cannot bo created by government <'niployces with- 
out charge or danger of favoritism. Lest fault be found, our governnu'nt 
officials are imahlo to enter upon the iletailod higgling in fixing mt<'s 
required by every cargo and charter; therefore, they must take ri'fngtf in 
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rigid regulations and in fixed rates. As a result, their competitors under- 
bid by the smallest margins necessary to get the cargoes. The effect of 
our large fleet in the world’s markets is thus to hold up rates, for so long 
as this great fleet on one hand holds a fixed rate others will only barely 
underbid. If we hold up rates, an increasing number of our ships will 
be idle as the private fleet grows; on the other hand, if we reduce rates 
wo shall be underbid until the government margin of larger operation 
cost causes us to lose money. 

Wo shall yot bo ■faced with the question of demobilizing a consider- 
able part of this fleet into private hands, or frankly acknowledging that 
we operate it for other reasons than interest on our investment. In this 
whole problem, there are the most difficult considerations requhing the 
best business thought in the country. In the fimt instance, bur national 
progress reciuires tliat we retain a large fleet under our flag to protect 
our national commercial e.xpansion overseas. Second, wc may find it 
desirable to hold a considerable government fleet to build up trade routes 
in expansion of our trade, even at some loss in operation. Third, in 
ordc'r to create iihis fleet, wc have built up an enormous ship-building 
industry, h'ifty per cent, of the capacity of our shipyards will more than 
provide any -necessary construction for American account; therefore, 
t.h(n-e is a need of obtaining foreign ordem, or the reduction of capacity, 
or both. I heli('vc, with most engineer, that, with our skill in repc^tition 
manufa<!ture, we can compete, with any shipbuildci’s in the world and 
maintain our American wage standards; but this repetition manufacture 
implies a (constant flow of orders. H would seem highly desirable, in 
ordcu’ to mainliun tlu*. most effi<uent yards until they can establish them- 
s('lves lii’inly in the world’s industrial fabric, that the government should 
continue lo let some ship construction contracts to the lowest bidders. 
Th(\so (fontrac.ts should supplement private building in such a way as to 
maintain t.he (Continuous operation of the most economical yards and the 
slc'ady (miiiloyment of our larger number of skilled workers engaged 
therein. 

When we consider giving ordem for new sliips, wo must at the same 
lime consid(U' the sale of ships, as we cannot go on increasing this flecd. 
When wc consider sale, we are confronted with the fact that our present 
ships were built under expensive conditions of war, coating from three to 
four times per ton the pre-war amount, and that already any merchant, 
subject t,o the long time of delivery, can build a sliip for 75 per cent, of 
t,heir cost. It would seem to bo good national policy to sell ships today 
for the price wo can contract for delivery a year or two hence, thus mak- 
ing the government a reservoir for continuous construction. We could 
thus sf,abilizc riio building industry to some degree and also bring the 
American-owned fleet into l>etter balances if, as the government sold 
thr('e or four emergency-constructed cargo vessels, it gave an order for 
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one ship of a better and faster type. This would make reduction in our 
shipbuilding steadier and would give the country the type of ships 
we need. 

National Department op Ptiblic Works 

Our joint engineering committees have examined, with a great deal 
of care, into the organization of and expenditure on public works and 
technical services. These committees have consistently and strongly 
urged the appalling inefS.ciency in the government organization of these 
matters. They report that the annual expenditure on such works and 
services now amounts to over $250,000,000 per annum, and that they 
are carried out today in nine governmental departments. They report 
a great waste by lack of a national policy of coordination, in overlapping 
with different departments, in competition with, each other in the pur- 
chase of supplies and materials and the support of many engineering 
staffs. They recommend the solution that almost every other civilizc<l 
government has long since adopted; that is, the coordination of lhoH(^ 
measures into one department under which all such undertalcings should 
be conducted and controlled. As a measure practical to our government., 
they have advocated that all such bureaus should be t.ransfcrrcd to t,ho 
Interior Department and that all the bureaus not relating to thos(^ 
matters should be transferred from the Interior to other Dopai-t inonts. 
The committees conclude that no properly organized and dirc(!ted stiving 
in public works can be made until such a regrouping and coiusolidation is 
carried out, and that all of the cheese-paring that normally goes on in tho 
honest effort of Congressional committees to control departmental ex- 
penditure is but a tithe of that which could be effected if t here wore some 
concentration of administration along the lines long since deiuousl.niltid 
as necessary to the success of private business. 

Need of a National Budget 

Another matter of government organization to which our engineers 
have given adhesion is in the matter of the national budget, 'fo niind.s 
charged with the primary necessity of advance planning, coordination, 
provision of synchronizing parts in organization, the whole notion of our 
hit-or-miss system is repugnant. A budget system is not tho remedy for 
all administrative ills; it provides a btisia of organization that at ksast 
does not paralyze administrative efficiency sis our system does today. 
Through it, the coordination of expenditure in government dopartnicnts, 
the prevention of waste and overlapping in government bureaus , tho ex- 
posure of the pork barrel, and the balancing of the relative import anc<> 
of different national activities in the allocation of our national iimomt* 
can all be greatly promoted. Ijogislation would also ho expoditetl. No 
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budget that does not cover all government expenditure is worth enact- 
ment. Furthermore, without such reorganization as the grouping of 
construction departments, the proper formulation of a budget would be 
hopeless. The budget system in some form is so universal in civilized 
governments and in competently conducted business enterprise, and has 
been adopted in thirty of our states, that its absence in our federal govern- 
ment is most extraordinary. It is, however, but a further testimony 
that it is always a far cry of our citizens from the efficiency in their 
business to interest in the efficiency of their government. 

Changes in Science of Economics 

Another great national problem to which every engineer in the United 
States is giving earnest thought, and with which he comes in daily con- 
tact, is that of the relationship of employer and employee in industry. 
In this, as in many other national problems today, we are faced with a 
realization that the science of economics has altered from a science of 
wealth to a science of human relationships to wealth. We have gone 
on for many years throwing the greatest of our ingenuity and ability 
into the improvement of processes and tools of production. We have, 
until recently, greatly neglected the hmnan factor, which is so large an 
element in our very productivity. The development of vast repetition 
in the process of industry has deadened the sense of craftsmanship and 
the great extension of industry has divorced the employer and his em- 
ployee from that contact that carried responsibility for the human prob- 
lem. This neglect of the human factor has accumulated much of the 
discontent and unrest throughout our great industrial populations and 
has rcachid in a decrease of production. Yet our very standards of 
living arc dependent on a maximum productivity up to the total neces- 
sities of our population. 

Another economic result is, or will bo, a repercussion upon the funda- 
mental industry of the United States, that is, agriculture. The farmer 
will bo unable to maintain his production in the face of a constant in- 
crease in the cost of his supplies and labor through shrinkage in produc- 
tivity in other industries. The penalty of this disparity of effort comes 
mainly out of the farmer’s own earnings. 

The One Remedy 

1 am daily impressed with the fact that there is but one way out, and 
that is to reestablish through organized representation that personal 
codperation between employer and employee in production that was a 
binding force when our industries were smaller of mait and of less special- 
ization. ‘Through this, the sense of craftsmanship and the interest in 
production can be recreated and the proper establishment of conditions 
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of labor and its participation in a more skilled administration can be 
worked out. The attitude of refusal to participate in collective barga,in- 
ing with representatives of the employees’ own choosing is the negation 
of this bridge to better relationship. On the other hand, a complete 
sense of obligation to bargains entered upon is fundamental to the pocess 
itself. The interests of employee and employer are not necessarily an- 
tagonistic; they have a good common ground of mutuality and if we 
could secure emphasis upon these common interests wc would greatly 
mitigate conflict. Our government can stimulate these forces, but the 
new relationship of employer and employee must be a matter of delibcral e 
organization within industry itself. I am convinced that the vast 
majority of American labor fundamentally wishes to cooperate in pro- 
duction and that this basis of good-will can be organized and the vitality 
of production recreated. 

Many of the questions of this industrial relationship involves largo 
engineering problems, as an instance of which I know of no Ix^t.tor ex- 
ample than the issue you plan for discussion tomorrow in connection 
with the soft-coal industry. Broadly, here is an industry functioning 
badly from an engineering, and conscqxiont ly from an economic and 
human, standpoint. Owing to the intermittemy <>f production, seasonal 
and local, tlois industry has been equipped to a peak load of 25 or 20 per 
cent, over the average load. It has been provided with a 25 or 20 per 
cent, larger labor complement than it would require if contimunis opera- 
tion could be brought about. I hope your discussion will throw sonm 
light on the possibilities of remedy. There lies in this iutennittency not 
only a long train of human misery through intermittent ompIoyiiK'nf , 
but the economic loss to the community of over a hundred l.housaixl 
workers who could be applied to other prodimtion, and the <‘ost of coal 
could be decreased to the consumer. This intennitt<?ncy li(‘S at the root, 
of the last strike in the attempt of the. employees to sciuire an ecpial 
division among themselves of this part,ial emi>loyincnt at a wage that, 
could meet their view of a living return on full employment,. 

Those az’C but a few of the pi’oblom.s that confront, us. Hut in 
formulating of measures of solution, we necul a (Constant, ndlu‘r((ne(' to 
national ideals mzd our own social philosophy. 

In the discussion of these ideals and this social pluloso{)hy, w<‘ luuir 
much of radicalism and of roaction. They are, in fact, not an aca<l('nu(; 
state of mind hut realize into real groups and nial forces influencing the 
solution of c<ionomic probleiiis in this community. In their present-day 
practical aspects, they represent, on one hand, roughly various degrees 
of socialism, who would directly or indirectly umlormine the principUz 
of private propert,y and personal initiative; and, on the other hand, t hos«* 
exponents who in various degrees desire to dominate the (iommfmity for 
profit and piivilego. They l)oth represent, attempts to Introdiuie or 
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preserve class privilege, either a mone3’'ed or a bureaucratic aristocracy. 
We have, however, in American democracy, an ideal and a social philos- 
ophy that sympathizes neither with radicalism nor reaction as they arc 
manifested today. 

Social Philosophy of American People 

h’or generations, the American people have been steadily developing 
a social philosophy as part of their democracy — and in these ideals, it 
differs from all other democracies. . This philosophy has stood this period 
of test in the fire of common sense; it is, in substance, that there should 
be an equality of opportimity — an equal chance — to every citizen. This 
view that every individual should, within his lifetime, not be handicapped 
in seeming that particular niche in the community to which his abilities 
and character entitle liim is itself the negation of class. Human beings 
are not equal in those qualities. But a society that is based upon a 
constant flux of individuals in the community, upon the basis of ability 
and character, is a moving virile mass; it is not a stratification of classes. 
Its inspiration is individual, initiative. Its stimulus is competition. Its 
safeguard is education. Its greatest mentor is free speech and voluntary 
oi^anization for public good. Its expression in legislation is the common 
sense and common will of the majority. It is the essence of this democ- 
racy that progress of the mass must arise from progress of the individual. 
It (loos not pormii, the presence in the community of those who would 
not givt> full meed of service. 

IfiH conception of the stale is one that, representative of all the citizens, 
will in the j’ogiou of economic activities apply itself mainly to the stimu- 
lation of knoVlcdgo, the undertaking only of works beyond the initiative 
of the individual or group, the prevention of economic domination of the 
few over the many, and the least entrance into commerce that govern- 
mcait functions necessitate. 

The method and measures by which we solve this accumulation of 
great, problems will depend on wliich of these three conceptions will reach 
the JiHccndaucy among our people. 

If we cling to our national ideals, it will mean the final isolatiion and 
i.he political abandonment of the minor groups who hope for domination 
of llu^ government, either by “interests” or by radical social theories 
t hrough the control of our political machinery. I sometimes feel that 
lawful radicalism in politics is loss dangerous than reaction, for radicalism 
is blatant mid lUsplays itself in the open; unlawful radicalism can be 
handled by the police. Reaction too often fools the people through 
subtile channels of obstruction and progressive platitudes. There is 
lil,t.Ie danger of radicalism ever controlling a country with so large a 
farmer p()pulat.ion, except in one contingency. That contingency is 
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from a reflex of contiaued attempt to control this country by the intei- 
ests” and other forms of our domestic reactionaries. 

The mighty upheaval following the world war has created turmoil 
and confusion in our own country no less than in all other lands. If 
America is to contribute to the advance of civilization, it must first solve 
its own problems, must first secure and maintain its own strength. The 
kind of problems that present themselves are more predominantly econ- 
omic — national as well as international — than at any period in our his- 
tory. They require quantitative and prospective thinking and a sense 
of organization. These are the sort of problems that youi’ profession 
deals with as its daily toil. You have an obligation to continue the fine 
service you have initiated and to give it your united skill. In their solu- 
tion, in Lowell’s phrase, we cannot “imlock the portals of the Future 
with the blood-rusty keys of the Past.” 

Report of President for the Year 1919 

I HAVE the honor to present the following report of the President 
for the year 1919. In order that this report may be printed and dis- 
tributed to the members in advance of the February meeting, it is nooes- 
saiy that it end with the calendar year 1919. Any activities during t he 
first six weeks of 1920 will be coyered in the Secretary’s report for th(^ 
year 1920. 

Visits to Members 

Your President has visited each of the Local Sections of the Institute, 
with the exception of the ones at Washington, D. C., Tulsa, Okla., and 
the Nevada Section. These three sections have not arranged mootings 
at which the President could be present. In addition, your President, 
accompanied by President Jennings and Secretary Stoughton, in tho year 
1918, attended meetings of members in Minneapolis and Duluth, Minn., 
and Houghton, Mich. A dinner and meeting of the members in Pitts- 
burgh, Pa., was also attended, in company with the Secretary, and your 
President also attended the meeting of Canadian Mining Institute in 
Montreal, in March, 1919. 

Revamping op Committees 

The work of the Institute is carried on by means of Local Sections and 
committees which, including the six standing committees of the Board of 
Directors, number nearly thirty technical committees, whoso purpose it 
is to enrich the publications of the Institute and keep them well propor- 
tioned and well balanced. There are also nearly a score of miscellaneous 
committees, many of which are joint committees with other engineering 
societies, it has been some years since these committees have been 
thoroughly revised, so the work of revising the membership was 
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undertaken at the beginning of my term of office, with what result in 
increased activities along lines of welfare, public policy, and technology, 
the report of the Secretary will show. 

Increase in Membership 

The report of the Committee on Membership will show that the 
number of members has been greatly increased during the year. This 
tells only a part of the story, however, since active work along this line 
did not commence until the month of April, under the direct supervision 
of Assistant-secretaiy P. E. Barbour. The gratifying result of this 
diligent and well-organized effort has been that the applications for 
membership are 75 per cent, in excess of the largest previous year. 

Committee on Mine Taxation 

During the convention of the Institute at Chicago, a request was 
received from the United States Department of the Treasury for the 
appointment of a committee to assist the Treasury Department in inter- 
preting the income tax as applied to the wasting industry of mining. A 
committee of twenty-five members was appointed by telegraph. This 
committee was composed of some of the most prominent and busiest of 
the mining engineers of the country. The response to this call is shown 
by the fact that seventeen immediately responded by wire accepting the 
appointment. Almost the full committee of twenty-five members, many 
of them accompanied by their legal advisers, attended the first conference 
at Washington, where special committees were appointed, atod subse- 
quent meetings held at Atlantic City and at New York. Within two 
months of the original call, the recommendations of the Committee had 
been made to the Treasury Department, and published in Mining and 
Metallurgy for December. 

Hoover Dinner ' 

On Sept. 16, 1919, the members of the Institute joined in a compli- 
mentary ^ner to Herbert Hoover upon his return from Europe in ap- 
preciation of his unselfish services in the cause of mankind during the 
years 1914 to 1919 inclusive. The full report of this dinner is given in the 
institute’s magazine for the month of October, 1919. Your President 
traveled from Utah to New York in order to attend the dinner, at which 
there were 1360 guests. 

Notable Increase in Activities Concerned with Public 
Affairs and the Welfare of Engineers 

The constitution and the charter of the Institute were amended at a 
special meeting of members held on June 27, in order to permit the Insti- 
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tute as an organized body to enter more actively into the public affairs 
of the community and the nation. Through our own Institute, as well 
as in codperation with other engineering bodies, important work has been 
done, especially in connection with the employment of engineers, and 
more particularly the re-employment of engineers returning from service 
with the American Expeditionary Force; in connection with the estab- 
lishment of a national Department of Public Works in place of the present 
Department of the Interior; in respect to the existing licensing or regis- 
tering of engineers, etc. By authority of the Board of Directors a 
committee on the development of the activities of the Institute was 
appointed, which, in turn, appointed representatives on a joint committee 
of development with the American Society of Civil Engineers, Afnerican 
Society of Mechanical Engineers, and American Institute of Electrical 
Engineers. This joint committee has held many long and active meet- 
ings in various parts of the country, and has united in a comprehen- 
sive report which purposes to effect an improvement in the organization 
of all engineers for civic and welfare work. 

Local Organizations op Engineers 

Your President’s visit to different parts of the country has confirmed 
his belief in the importance of local organizations of engineers at all 
industrial centers, corresponding in general to the state boundario.s of 
the country, in order that, when necessary, the united influence of th<^ 
engineers of any state may be brought to bear upon the state or national 
legislatures thereof for the purpose of urging reforms, or combating now 
legislation, upon which engineers might be expected to have an opinion 
of value to the community, or which tlyoatons to do injury to <uigi- 
neers or the profession which they represont. 

Acknowledgments to Directors and Secretaries 

Your retiring President desires to express in the most cordial manner 
his sense of indebtedness to the Directors for their unceasing stipport 
and tireless efforts in carrying forward the work of the year and his 
sincere appreciation of their generous spirit of welcome cooperation and 
sclf-sacrificing devotion to the interests of the Institute. Fortuna(,(t 
indeed is an organization which contains so capable and diivotod a 
body of men. It is also a duty and a pleasure to call your attenfion (,o 
the invaluable services rendered by the Secretary, Dr. Bradley Stoughton, 
and the Assistant Secretary, Major Percy E. Barbour. Whatever .succi'.ss 
has attended the President’s labors for the Institute during 1910 is duo 
in large measure to their intelligent and tireless labors. 

There is reason for congratulation in the evident increase of coflpisru- 
tivc effort on the part of our members throughout the country; and wo 
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feel confident that under the powers granted by our new charter and the 
awakening sense of civic obligation our influence will be apparent in 
much wider fields of public activity during the coming year. 

Respectfully submitted, 

Horace V. Winchbll, President. 


Report of Secretary 

In tue President’s report and the reports of the standing committees 
are discussed more in detail the several activities of the Institute, in- 
cluding: Visits of the President and Secretary to Local Sections and to 
other gatherings of members; the revision of the Institute committees; 
the increase in membership; cooperation with the U. S. Treasury De- 
partment in respect to interpreting the Income Tax law as applied to 
mining corporations; the dinner to Herbert Hoover; the Library; the 
publications; etc. 

Important Increase in Research Activities 

The National Research Council was formed at the request of the 
President of the United States to assist the Government in preparing 
for, and prosecuting, the war. It was supported during its infant stages 
by the funds of Engineering Foundation, a creature of the American 
Institute of Mining and Metallurgical Engineers, American Society 
of Ciwl Engineers, American Society of Mechanical Engineers, and 
American Institute of Electrical Engineers. During its life it has at all 
times been actively supported by the Institute ofiicially, and by its 
members. In this way, the Institute has contributed to the promotion 
of engineering research in its own field. The relation has become even 
closer during the year 1919 by the transfer of Engineering Division of 
National Research Council to the Engineering Societies’ Building in 
Now York. It is believed that the Institute can do more to encourage 
and support research by coSperating with this national body than by 
any independent activities. 

Cooperation with French Engineers 

Shortly after the Armistice was signed, an invitation was received 
from the SociOtfi des Ingdnieurs Civils de France for a comnoittee of 
American engineers to visit France and confer with them. The resulting 
cooperation, which is mentioned in the last Secretary’s report, was so 
successful that the French society requested the maintenance of a per- 
manent committee, which has now been established, with two repre- 
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sentatives of each of the American engineering societies mentioned in 
the previous paragraph. A return visit of French engineers is promised 
for the near future. 

National Department op Public Works 

The achievements of Engineering Council will be communicated to 
the members through its own report. Its chief accomplishment has 
been the formation of the Conference on a National Department of 
Public Works, in which some 74 societies are participating, representing 
approximately 105,000 engineers. This subject is familiar to Institute 
members through the several reports in Mining and Metallurgy. 

Appiliated Student Society Changes 

Owing to the interruption of regular college work during the activities 
of the Students’ Army Training Corps, our student societies were mostly 
dormant during the year 1918. An effort was, therefore, made to get into 
communication with all of them during the first part of 1919, with the 
result that almost all were found ready to begin active work again upon 
the resumption of the usual college training. Two new societies have been 
added, namely: The Mining Society of the Montana School of Mines and 
The Cross-Hammer Mining Society of the Oklahoma School of Mines. 

Four Meetings in 1919 

The Annual Meeting in New York is described in Voiuiuo XIjI, 
p. xi. It was characterized chiefly for the codperation with the Canar 
dian Mining Institute, as well as the American Institute of Electrical 
Engineers, and for the increase in social activities and good spirits 
naturally consequent on the cessation of hostilities. It was marked 
also by the presentation of six papers contributed by National Research 
Council, and by eleven papers of tlie Institute of Metals Division, this 
being the first meeting at which the A.I.M.K. and the former American 
Institute of Metals joined forces. It was also the first winter meeting held 
by the A.I.M. and was pronounced by its officers an undoubted suc<!es«. 
The total attendance was 1062. (Volume LXII., p. xvii.) 'I’lio Chicago 
Meeting was the largest over held outside of N<!W York City, tho regis- 
tration being 860, which did not include many members who attoad(i<l 
but did not register. It was especially a record meeting in respect to 
the number of technical papers presented, and was unusually brilliant 
in its social aspects, particularly as to the smoker and banquet and tho 
large number of ladies in attendance. The meeting of the Institute of 
Metals Division jointly with the American Foundrymen’s Association, 
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in Philadelpliia, Sept. 30 to Oot. 2, fully equalled the previous conven- 
tions of the same kind. On June 27, 1919, a special business meeting 
of members was held at headquarters for the purpose of voting on the 
proposed change in the Certificate of Incorporation, in order to make 
effective the letter ballot of members for the change in name of the 
Institute, and for greater participation in public affairs. 

The Institute Changes Its Name 

By a vote of 1565, members of the Institute voted in favor of changing 
its name to the “American Institute of Mining and Metallurgical Engi- 
neers.” The initials remain “A.I.M.E.” as before, by vote of the 
Board of Directors. 

Greater Participation in Public Affairs 

Also, by an overwhelming majority the members voted, first by letter 
ballot and later by proxy at the special business meeting, to change the 
Certificate of Incorporation so as to remove any possible ambiguity as to 
the right of the Institute to engage in public workfor the welfare of the 
profession or its members. 

Robert W. Hunt Prize Established 

Upon the occasion of the eightieth birthday of Captain Robert W. 
Hunt, Dec. 9, 1918, his partners announced that they had given the funds 
for the establishment of the Robert W. Hunt Prize for the best paper on 
the subject of iron and steel presented to the Institute for publication. 
A special committee has been at work upon the rules for this prize, which 
will bo awarded through the Institute’s Iron and Steel Committee. Rules 
have been adopted and a medal is being designed by a distinguished artist, 
Mr. Emil Fuchs. The rules of award and a reproduction of the medal wiU 
1)0 published in due time. 

More Rooms for Out-of-'pown Members 

On account of the large increase in the number of members who are 
iising the headquarters during their stay in New York, it has been thought 
desirable to pay for and appropriate another room for this purpose, 
making three rooms now devoted to the use of the members. 

James Douglas Tablet 

A bronze tablet in memory of Dr. James Douglas, the Institute’s 
generous benefactor, has been erected at headquarters. 
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Death op Several Prominent Members 

The year 1919 was a most unfortunate one in respect to the loss of 
prominent members by death. Andrew Carnegie, honorary member 
and donor of Engineering Societies’ Building, J. E. J ohnson, Jr., member of 
the Board of Directors and Vice-Chairman of the Iron and Steel Commit- 
tee, Henry C. Frick, and Samuel T. Welhnan were among the number. 

Increase in Cost op Services to Members 

[The cost of every kind of material or labor entering into the serv- 
ices rendered members has increased an average of at least fifty per cent, 
in the past few years, without there being any increase in cost for member- 
ship. The annual dues of twelve dollars per year is the lowest, by three 
dollars or more, of any national engineering society which publishes a 
monthly magazine and annual volumes, while the A.I.M.E. issues more; 
technical material than any engineering society. Paper has increased 
100 per cent, and clerical labor the same. In addition to these increases 
in unit cost, the expenses have gone up because of the greatly added 
activities of the Institute in respect to public policy, welfare, and 
employment work. 

American Institute op Metals Tablet 

A bronze tablet commemorative of the American Institute of Metals, 
which was aflSJiated with the A.I.M.E. in the year 1918, has been erected 
at headquarters in response to a request from the officers thereof. 

Employment Activities 

The A.I.M.E. has long maintained an employment bureau for the 
purpose of bringing together mining and metallurgical employers and 
employees. With the object of securing greater effi<d<5ncy and a larg('r 
volume of business, as well as decreased unit cost for publicity, the four 
engineering societies associated in the Engineering Bocietiew’ Buihling 
joined their employment bureaus under the direction of the four B(M>re- 
tarios. This move has boon an unqualified success and has established 
what is believed to be the best present medium for bringing togeth(!r 
engineers and their employers, and the one accomplislnng the maximum 
results in this field. 

Expulsion op Sweral Members for Non-professional 

Conduct 

It is unfortunate to have to mention the expulsion of members who 
are believed to be unworthy the honor or privilege of membership, but 
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as many members have been expelled this year — ^namely two — as have 
been ejected in toto during the past six years. If an engineer is unworthy 
because of his lack of integrity, it is better that he be expelled forthwith, 
and members are urged for the good of the profession to bring to the 
attention of the Directors any cases of unprofessional conduct on the part 
of A.I.M.E. members. We believe that the increase in number of cases 
reported this year is due to the establishment by the members of a higher 
qualification for membership, and therefore a greater appreciation of 
the honor and responsibilities of membership. 

Committee on Development 

It would not be right to close this report without mentioning the 
devoted work of the Committee on Development of the Activities of the 
Institute, both in its study of the problems of the A.I.M.E. and its work 
with the corresponding committees of the other engineering societies. 
The labor taxed the time and the private interests of the members 
and the grateful thanks of the Institute are due especially to Chairman 
J. W. Richards and Acting ChaSrman J. V. W. Resmders. 

Assistant-secretary Percy E. Barbour 

The Secretary also wishes to record his appreciation of the work of 
Assistant-secretary Barbour, who has completed his first year’s service 
in this capacity. He has rendered faithful and efiicient service, espe- 
cially in connection with the improvement in the monthly magazine 
(which has won spontaneous favorable comment from many members), 
in the work on increase of membership, and in promoting several matters 
which make the Institute more valuable to its members. 

CoSperation with Other Bodies 

Canadian Mining Institute . — ^At our February Meeting manymembers 
of Canadian Mining Institute were welcome guests, and several of our 
members gladly availed themselves of the invitation to attend the 
meeting of our sister society in March. A committee on cobperation 
between the two societies is now maintained, with three members of each 
body. The members of C. M. I. have been invited to our meeting in 
February, 1920. 

Locol OrganizaMons at Engineering Centers . — ^Local Sections of the 
A. I. M. E. or groups of members in engineering localities are actively 
cooperating in organizations of engineers for the carrying on of public 
welfare and civic work. Some of these are at St. Louis, Colorado, 
Minnesota, Spokane, Seattle, Alabama, Georgia, San Francisco, Los 
Angeles, etc., while additional organizations are being formed at Chicago, 
.Pittsburgh, Washington, D. C., etc. 
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Government Departments. — Our coSperation with the various Govern- 
ment Bureaus and Divisions continues unabated. 

Other Societies in the United Engineering Society. — The A. I. M. B. con- 
tinues its cooperation and interest in the several joint activities of tlic 
engineering societies with headquarters in New York. Added interest 
has been taken in the American Engineering Standards Comraittee 
and American Welding Society. 

Miscellaneous. — Many other forms of cooperation have been followed 
by the Institute during the year 1919, but it is impossible to mention all. 

Respectfully submitted, 

Bbadlby Stoughton, 

Secretary. 


Report of Treasurer and Finance Committee 

We have audited the books and accounts of the American Institute of 
Mining and Metallurgical Engineers, and prepared therefrom a state- 
ment of cash receipts and disbursements for the year ended December 111, 
1919, and a balance sheet at the latter date. A summary of the ciisli 
receipts and disbursements follows: 


January 1, 1919 — Balance in banks and on hand $ S, 258. It" 

December 31, 1919 — ^Receipts for the year 241,44 .25 

1249,701. «2 

Deduct: Disbursements for the year 240,432.0 1) 

December 31,1919 — Balance on hand $ 3,269.58 


Distributed as follows: 

National Bank of Commerce $ 760.47 

Brooklyn Trust Co 485 . 15 

Fifth Avenue Bank 480 . 19 

Fifth Avenue Bank (special account) 446.39 

FVanklin Trust Co 490.17 

Bankers Trust Co 67.00 

Petty cash in ofifico 500 . 00 


13,222.03 

Coupons duo but not deposited 47.60 


33,269.63 

During the year investment was made in $1000 U. S. Government 
4% per cent. Victory Loan Bonds due in 1922-1923. The $100 U. S. 
Government 4ij4, por cent. Third Liberty Loan Bonds purchased for 
employees was taken over by the Institute. This total of $1100 in 
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U. S. Government Bonds is carried as an investment on account of the 
Life Membership Fund. 

During the year the Institute received $100,000 as a bequest under 
the will of James Douglas for the purpose of maintaining its scientific 
library. This fund has been invested in the following bonds, in ac- 
cordance with a resolution of the Board of Directors: 


$23,000 Idaho Power Co. first 5 per cent. 1947 $20,716.81 

20,000 American Telegraph & Telephone Co. Collateral Trust 5 per cent. 

1946 18,384,72 

20.000 United Kingdom Great Britain <fe Ireland 5H per cent. 1937 . . . 20,409.85 

23.000 Utah Power & Light. Co. first 5 per cent. 1944, 21,185.55 

20.000 Montreal Tramways first and refunding 5 per cent. 1941 17,620.83 


$98^31^.76 

These securities are deposited with the Bankers Trust Co., who, under 
the above resolution, are to collect the income and credit the account of 
the American Institute of Mining and Metallurgical Engineers. 

The income from the invested funds has not yet been paid over 
to the United Engineering Society. 

At the close of the period covered by our audit there was an uninvested 
balance in the fund of $1682.24 and a credit balance in the income ac- 
count of $1876.42. The total cash in hand belonging to the fund, 
principal and interest, was $57.66, the general funds of the Institute 
being in debt to the fund to the extent of $3600 which has been replaced. 
Wo would suggest that the income be paid over to the United Engineering 
Society at stated periods, say February and August. 

We examined the securities, as set forth in the balance sheet, and 
found them as there stated. The market values as at December 31,1939, 
as quoted by Messrs. Leo, Higginson & Co. arc shown below: 


$1,000 U. S. Govornnicnt Victory 4% per cent., 1922-3 $ 989.40 

750 U. S. Govornmont 4K per cent. Third Liberty Loan, 1928 710.85 

2.000 Intcrborough Rapid Transit Go. first and refunding 5 ikjf cent. 1 966 . 1 , 120 . 00 

1.000 (.Chicago, Milwaukee <& St. Paul Jt R. general and rofdg. 4>2 per 

cent, 2034 775.00 

2,000 Chicago, Milwaukee & St. Paul R. R. 25-year 4 per cent., 1934 1,405 . 00 

1,000111. Central <& Chicago, St Louis <& New Orleans Joint first rofdg., 

5 per cent., series A, 1963 767.50 


$5,767.75 

A further payment of $2600 was made during the year on account 
of the Institute^s proportion of the cost of the addition to the Engineering 
Building, leaving a balance of $2500 still unpaid. 

Proper vouchers and cancelled chocks were produced for all disburse- 
ments* The cash on hand was counted and found correct, and the bank 
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balances were verified by certificates from depositories. AU cash shown 
by the books as received was deposited. The footings and postings to 
the general ledger were cheeked and found correct. 

We are pleased to state that we find the books well kept and the 
records of the Institute in good order. Every facility and courtesy was 
shown us during our examination. 

Very truly yours, 

Baebow, Wade, Guthrie & Co. 


Assets 

Cash on hand and in banks ^ 3,209 . 03 

Investment of “Life Membership” Fund: 

$2,000 Interboro Rapid Transit 5 per cent, bonds, 1900 ... $ 1,974 . 3 1 

$1,000 Illinois Central, Chicago, St. Louis and New 

Orleans 5 per cent, bonds first ref. series A, 1963 1,010.80 

$2,000 Chicago, Milwaukee and St. Paul R. R. 4 per cent. 

bonds, 1934 1,877.03 

$1,000 Chicago, Milwaukee and St. Paul R. R. per 

cent, bonds, 2014 

$ 750 U. S. Government 3(1 Lil)cri.y Loan 4K per cent. 

bonds, 1928 750.00 

$1 ,000 TJ. S. Government Victory Loan IK per cent, bonds, 

1922-1923 1,000.00 7,430.75 


Investment of James Douglas Fund: 

$23,000 Idaho Power Co. first mortgage 30-ycar 5 per cent. 

bonds, American series, 1947 $20,710.81 

$20,000 American Telegraph and Telephone Co. 30-ycar 

collateral trust, 5 per cent bonds, 1946 18,384.72 

$20,000 United Kingdom of Gnuit. Britain and Ireland, 20- 

year 5K cent., 1937 20,408.85 

$23,000 Utah Power and Light Co. first mortgage, 30-year, 

5 per cent bonds, American series, 1944 21,185 . 55 

$20,000 Montreal Tramway.s Co,, fir.st and refunding, 30- 
ycar, 5 per cent. hon<ls, series A, 1941 17,(520.83 98,317.76 

Interest in United Engineering Building: 

Land and building, 29 West 39tli Stretst, one-fourth of 
$1,947,171.10 486,792.79 


Library: 

Books and periodicals in Library l>olonging to Anutrican Instil uie of 
Mining and Metallurgical Engineers 40,00 0.0 0 

$635,810,83 
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Receipts 


Initiation Fees $ 8,449.35 

Annual Dues : 

Current dues $73,280.47 

Arrears 2,389.86 

Advance 3,599.50 79,269.82 $ 87,719.17 


Receipts from Other Sources: 

Sale of Transactions 

Sale of binding 

Sale of advertising 

Sale .of special editions 

Sale of Bulletins and Pamphlets 

Sale of pins and fobs 

Interest on investments and bank deposits 

James Douglas Income Account 

Sundry refunds from societies 

Sundry refunds from members 

Gift of George D. Barron 

Sundry R,cceipts 

Special Funds: 

Life memberships $ 1,500.00 

Sale of Dr. Williams' Book “The Diamond Minos of 

South Africa” 46.00 

James Douglas Fund 100,000 . 00 

James Douglas Fund Income 1,889 . 17 103,434 . 17 


Total receipts $241,443 . 25 

Cash on Hand January 1, 1919 8,258.37 


$249,701.62 

Liabilities 

Special Funds: 

Hadfield prizle and interest. 

Thayer prize and interest. . , 

James Douglas fund 

James Douglas fund income 


•“Eosorve for Life Membership ” Fund 40,000 .00 

Members Accounts, Deposit account, 1920 volumes 1,322.00 

Life Membership Fund: 

Balance January 1, 1910 $ 6,000.00 

Additions during year 1919 1,600 ,00 8,100 .00 

United Engineering Society; 

Balance due: Additions to building $12,500.00 

Paid to January 1, 1919 . . . . 7,500 .00 6,000 .00 

Paid during year 1919 2,600 . 00 2,600 . 00 

Surplus: 

As at January 1, 1919 $488,545.06 

Deduct: Deficit 1919 7,738.30 480,806.76 


$635,816.83 


$ 1,154.51 
68.14 
100,000.00 

1,875.42 $103,088.07 


$ 4,832.02 
9,402.72 
12,630.48 
3,415.90 
6,082.17 
378.70 
991.35 
3,600.00 
15.00 
3,804.04 
5,000.00 

237.53 50,289.91 
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Disbursements 

General Funds: 

Bulletin *1 49,277 .30 

Year Book 3,568 . 89 

Transactions of 1918 $1,818 . 70 

Transactions of 1919 5,406 . 92 7,225 . 62 

Binding Transactions 1918 $1,772.23 

Binding Transactions 1919 3,304.57 5,076.80 

Special editions 735 . 80 

Editorial and Office 33,065 . 87 

Treasurer 1,250.05 

Library 5,666.68 

Advertising 5, 7()7 . 1 8 

Meetings 4, 896 . 52 

Local Sections 2,687 . 8(> 

Technical Committees 318.17 

Committee on Increase of Membership 6,31 8 . 06 

Back Volumes 1-56, Binding, etc 838.29 

Engineering Council 4,000 . 00 

Engineering Societies’ Employment Bureau 1 ,500 . 00 

American Engineering Standards Committee 200 . 00 

Legal Expenses, Change of Name 280. 4(> 

Memorials: 

James Douglas 391 . 50 

R. W. Raymond 1,953.36 

Donation to widow, A. L. Gresham 675 . 00 

Pins and fobs 315.82 

Sundry advances to members 3,457 . 30 

Sundry disbursemonts i .674 . 05 

$141,010.58 

Addition to Engineering Building: paynumt on ac- 
count 2,500 . 00 $ 1-13,5 to . 58 


Special Funds: 

Proceeds sale of Dr. Williams’ Book douate<i to Aniori- 

can Red Cross Society $ 60.00 

liberty bonds purchased for investment 1,000.00 

James Douglas Investment- 98,317 . 76 

James Douglas Income 3,5 1 3 . 75 1 02,89 1.51 

Total disbursemonts .$216, -132 . 09 

Cash on Hand December 31, 1919 3,269.53 


.$249,701 ,62 
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Report of Committee on Papers and Publications 

During the past year, 219 papers were submitted to the Committee 
and 197 were accepted and printed in the monthly magazine. In addi- 
tion to these, six papers were presented at the joint session with the Cana- 
dian Mining Institute and printed with their discussions in the monthly 
magazine and the Transactions. 

For the 119th meeting, held in New York in February, 1919, 58 papers 
were received, of which 50 were accepted and printed. For the 120th 
meeting, held in Chicago in September, 1919, 146 papers were submitted, 
132 of which were accepted and printed. Of these, 60 were in the 
Pyrometry symposium and 13 in the symposium on Sulfur in Coal. 

The papers for the symposium on Pyrometry were secured largely 
through the efforts of Dr. George K. Burgess, of the National Bureau 
of Standards and in cooperation with the National Research Council, 
which latter bore part of the expense of printing. The value of these 
papers was so great, being considered a mile-stone in technical litera- 
ture, that it was decided by the Executive Committee on August 11, 
1919, by authority vested in it by By-Law XV, to publish these papers in 
a special Pyrometry volume to be sold to members and not to be included 
in the Transactions. 

At the meeting of the Institute of Metals Division, held in connection 
with the American Foundr 3 rmen’s Association in Philadelphia, in Sep- 
tember, 15 papers were presented, .all of which were accepted and printed. 

The title of the monthly Bulletin was changed in October to Mining 
AND Metallurgy for publication and postal reasons. After being 
very carefully considered by the Papers and Publications Committee, the 
Finance Committee, and the Executive Committee, the Board of Direct- 
ors at its September meeting voted to change Mining and Metallurgy 
from a 6 in. by 9 in. publication to a 9 in. by 12 in. standard magazine size 
and to adopt a broader and more progressive editorial policy. The first 
number of the now magazine was issued in January and has met with 
unanimous approval. 

In addition. Volumes LX and LXI have been printed and sent to the 
members. 

A very largo number of unusually high-grade papers were accepted, 
whose rejection would have meant a distinct loss to the profession. 
With such a large number of papers, each requiring careful scrutiny, it 
has been necessary for the Committee to ask many members to give 
considerable time to the work of the Institute, which has in every case 
been very freely done. This coaporation has been a great factor in the 
success attained by our meetings and publications during the year. 

A classification of the papers presented is as follows: Coal, 26; copper, 
10; geology and ore deposits, 19; gold and silver, 1; industrial, ll;jron 
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and steel, 39; metallurgy, 17; metallography, 30; milling, 7; mining, 14; 
lead, 1; nickel, 2; non-metallie minerals, 2; oil and gas, 11; pyrometry, 
60; tin, 1; zinc, 5; miscellaneous, 1. A paper that belongs under two 
headings has been counted under both. 

Report of Committee on Membership 

The total number of applications brought before the Membership 
Committee during the year 1919 was 1117, the largest in the history of 
the Institute; the total number of persons who were elected and became 
members of the Institute during the same period was 986. The total 
membership of the Institute on Dec. 31, 1919 was 7834 as against 7195 
on Dec. 31, 1918. The changes in membership during the year are shown 
in the accompanying schedule: 


Total membership, Deo. 31, 1918 7195 

Loss by resignation S2 

Loss by suspension 241 

Loss by death 89 

Expelled 2 414 

6781 

Elected 980 

Reinstated 39 

By affiliation with American lnslitul .0 of Mol lis 28 1053 

Membership, Dec. 31, 1919 7834 


Change of status: Associates to Members, 15; Junior Associates to Associalos, 4; 
Junior Associates to Members, (>. 


Report of Library Committee 

In accordance with the requirian<'n<.s of Jly-hiw I.X, the reporl of 
the library (lommittec is lierewith aiipi'iidi'd. The iobil amissions of 
the library for the year wore us follows: (iifls, 5,707; purchases, 7S5; 
total, 6,99^ All of this material has bwn ama'ssioiit'd ami is remiy f<tr 
(he use of the readers. On Dec. 31, 1910, (h<‘ pemianeril Library oollm-- 
tion contained 

Volumes 1 15,934 

Pamphlets 32,818 

Maps and plans 118 

Searches 3,221 

Total 152,091 

The recataloguing of the Library has been started and 9802 volumes 
have been recatalogued under the now system. It is expected that this 
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work will proceed with increasing rapidity and will be completed some 
time in 1921. 

The attendance of visitors in the Library showed a total of 22,042, 
or 46 per cent, increase over the year 1918. 

The Mining and Metallurgical Index, which was started in the 
Bulletin of September, 1918, has been published throughout the year 
and is being continued as a feature of Mining and Metallurgy. 
The classification is continually being improved and amplified and com- 
parison with the only other two similar indexes published in the English 

1 _ T on ' 


language shows as follows: 

Items published in 1919 by our index 7431 

The best American mining and metallurgical index 1267 

The best foreign mining and metallurgical index 1864 


The sale of publications during the year represented the unprece- 
dented total of $14,330.09 as against $8,528.67 for last year. The sale of 
Transactions amounted to $4,832.02, the sale of special editions 
$3,415.90, and the sale of Bulletins and pamphlets $6,082.17. 
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Recent Studies of Domestic Manganese Deposits 

BY E. C. HARDERf AND D. P. HBWBTT,t WASHINGTON, D. C. 

(Chicago Meeting, September, 1919) 

Since early in 1916, when it became apparent that the steel industry 
of the United States could not depend for the duration of the war on 
several important foreign sources of manganese and might have to depend 
entirely on domestic ores, the U. S. Geological Survey, with the assistance 
of several cooperating organizations, has made a comprehensive investi- 
gation of domestic manganese resources. The work has included field 
studies in a number of states as well as annual, quarterly, and monthly 
canvasses among operators concerning current and future production. 
In order that the interested public might have access to the important 
results of the studies, preliminary reports concerning the field work as well 
as periodic summaries of production were issued as promptly as possible. 

Although numerous summaries of production have been pre- 

pared from time to time for the use of the several boards and committees 
responsible for the conduct of the war, it has been thought for some months 
that those engaged in the industry, as well as others, might be interested 
in a preliminary summary of the accumulated geologic and production 
data. The cessation of hostilities, in November, 1918, probably detracts 
from the usefulness of much of the material that is here presented, but 
apart from the historic interest in the performance of an important 
industry in war time, there is a possibility that some of the conclusions 
may be helpful to those who continue to exploit domestic deposits, as 
well as to those who wish to measure the country's independence in 
mineral supplies. 

Appropriate final geologic reports are being prepared by the geolo- 
gists who did the field work. The present authors, having done but a 
small part of the recent field work, acknowledge with great appreciation 
the use of preliminary and unpublished reports and the cordial informal 
cooperation of the following geologists in the preparation of this paper: 
P. L. Ransome, G. W. Stosc, P. C. Schrader, J. T. Pardee, B. L. Jones, 
Jr., H. D. Miser, Laurence LaForge, J. B. Umpleby, Arthur Keith, P. J. 
Katz, and E. S. Larsen, of the U. S. Geological Survey. Field work in 
Virginia was carried out in codperation with the Virginia Geological 
Survey, T. L. Watson, State Geologist; in Georgia, with the Georgia 

* Published by permission of the Director, U. S. Geol. Survey, 
t Geologist, U. S. Geol. Survey. 
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Geological Survey, S. W. McCallie, State Geologist; in lennessee, witli 
the Tennessee Geological Survey, W. A. Nelson, State Geologist; in 
Oklahoma, with the Oklahoma Geological Survey, C. W. Shannon, 
director; in California, with the Committee on Scientific Eesearch, State 
Council of Defense, G. D. Louderback, chairman; in Oregon with the 
Oregon Bureau of Mines and Geology, H. M. Parks, dii'ector; and in 
Washington, with the Washington Geological Survey, Henry Landes, 
State Geologist. Mr. E. H. Wells of the New Mexico School of Minos, 
Socorro, N. M., has kindly submitted results of recent field work in that 
state to the U. S. Geological Survey, and Mr. J. C. Jones of the Mackay 
School of Mines, Reno, Nev., has done the same with regard to fiehl 
work in Nevada during the season of 1918. 


Olii'J DWI’OSITS 
Ore-forming Minmzls 

Most 6f the specimens that have boon collected during nuituit work 
have not yet been closely studied by the geologists who coUcid.t'<l tluuu, 
and it will only be necessary to make brief stiatoments at this finie con' 
cerning the more important minerals that make up the domestic or(>s. 
Several rare, and probably now, minerals have been roc'oguiztsl reeoidly, 
but it would not be appropriate to describe them in advaiu’e of stn»ly and 
detailed presentation of data by the respective observers. 

Sulfides. — ^Alabandite, sulfi<Ic of manganese, was reciognisio.d I»y J. '^r. 
Pardee-''^ in ores from the Siegel mine, White Pine Co., Nev., and by 
F. L. Ransomo-'’'* in ores of the Tombstone district, Arls. (.5<)o<l spe^ei- 
irnnis of the same mineral have been sent to the U. S. Geological Survey 
by W. IC Morrow, of Rodeo, N. Mi 

Oxides.— Recent work has sho^vn that there is widespread carolcssneas 
ill the identification of the common manganese oxides, as well as confusion 
conoorning the properties of several of the oxides,* and plana are under 
oonsidi'ration for the («u-oful study by modern methods of many of the 
spcc.imeus that have been collected. 

Pailome.lane is the piincipal mineral in most of l.h(‘ luiiieH in Virginia, 
Tcnnossei', and Georgia, as well as many mines in Arizona, Nevada, and 
California; but it is commonly lussoeiateil with more or less pyrolusil.!', 
raaiiganitc, and wa<l Unusually good <irystanine pyrolusite,, togi-tlior 
with some manganitc, has been colkietwl recently from di'posita in 

•' Heforenoos are to bibliography at end of paper. 

*Thn work by T. L. Watson and R T. Wherry (Pyrnhwho fmm Virginia, 
.M Wash. Acad. Sci. (1918) 8, 650-8601 shows that it is tUflioult to tlistinguish 
pyrolusito from manganitc. 
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Minnesota,® Arizona, Utah, and Wyoming.^® Recent work confirms the 
early conclusion of Penrose®® that braunite is the principal mineral of 
the high-grade ore of the Batesville district.*® Braunite has been rec- 
ognized in ore from one locality in Tennessee,®® and good crystals 
of the mineral were recognized by one of the authors, as an important 
constituent in material from deposits east and south of Bromide, 
Okla.® 

It is widely known that manganese oxides have been recognized that 
range from manganous oxide (MnO), represented by the mineral man- 
ganosite, to manganese dioxide (Mn 02 ), represented by the minerals 
pyrolusite and polianite. A number of hydrous forms are known also. 
A preliminary review of the associations of the oxides indicates that, 
beginning with the minerals that contain a certain per cent, of oxygen, all 
those that contain more only form in the belt of weathering, whereas those 
that contain less form under conditions found deeper below the surface. 
That per cent, which marks the division between these zones appears to be 
present in braunite ( 3 Mn 203 - MnSiOs). 

Carbonates . — Until the first shipments of rhodochrosite from the 
Emma mine, Butte, Mont., were made in December, 1917, the oxides of 
manganese were practically the only manganese minerals in the market- 
able materials from domestic manganese mines. Since that time, a large 
quantity of the material has been shipped and a marketable rhodochro- 
site product has been made by milling material from other mmes in that 
district. Rhodochrosite has also been recognized in many deposits in 
California,** eastern Nevada,®® and eastern Utah.®® 

Argali’s conclusion* that manganese is characteristically present in sid- 
crito of veins and similar deposits related to igneous rocks, whereas it is 
low or abs(nit from si<lcritc of sedimentary origin, probably has wide 
application; hut sideritic concretions from the Balcsville district are 
Hl,riking exceptions.*® An unusual crystalline carbonate of manganese, 
calcium, and magnesium has been discovered by A. Keith and G. W. 
Btose* in a deposit that replaces dolomite along a fault in Sevier Co., 
Tenn. Analyses of specimens of limestone from several states, such as 
the IlolvSton marble of eastern Tennessee,®® indicate that small percent- 
ages of manganese are commonly present in such rocks. Study of several 
small deposits appears to confirm a widespread impression that they may 
be formed by the concentration of such disseminated manganese during 
weathering. 

Silkales . — Although the common silicate of manganese, rhodonite, 
has been found in a number of new localities, notably in California and 
eastern Nevada, the most interesting inangancsc-boaring silicate en- 


•RoEorenoos are to bibliography at end of paper. 
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countered during recent work is that recognized by Pardee®* in the 
Olympic Mountains, Wash. In appearance the mineral closely resembles 
a common variety of hornstone or jasper, but it may be distinguished by 
greater specific gravity. An unweathered specimen from the Black 
and White group of claims, 18 mi. northwest of Hoodsport, contained 
manganese, 36.9 per cent.; silica, 23.68 per cent.; ferric oxide, 3.52 per 
cent.; alumina, 3.48 per cent.; magnesia, 1.31 per cent.; lime, 1.50 per- 
cent.; and loss on ignition, 18.32 per cent. 

Geographic Distribution 

Although large deposits of a grade comparable with that from several 
foreign sources of manganese ore appear to be lacking in the ITnited 
States, small deposits of acceptable material are numei'ous anil widely 
distributed and large low-grade deposits are found in several places. 
The principal districts in which high-grade manganese ore is mined, in t he 
order of their importance as recent sources of production, aro : Philipsburg 
district, Mont.; Butte district, Mont.; Southern Nevada region; Central 
California region; Bisbee district, Ariz.; Appalachian region of Virginia; 
Batesville district. Ark.; Tintie district, Utah; and Cartorsville district, 
Ga. Other deposits of some importance arc sporadically distributed 
throughout western Arizona, southern California, eastern Tennessee, 
southern Oregon, and central Utah. 

The principal producing districts of ferruginous manganese anil 
manganiferous silver ores, also given in the order of their importance, 
are: Cuyuna district, Minn.;Leadville district, Colo.; Southern Nevada 
region; Silver City district, N. M.; Crystal Falls district, Mich.; 
Appalachian region of Virginia; Gartersville district, Ga.; and Bates- 
vfllo district, Ark. Manganiferous zinc ores, from which the residuum 
after the zinc has boon extracted is used for its manganese contimt, ari^ 
mined at Franklin Furnace, N. J. Deposits of manganiferous iron ores 
with low manganese content are found in the Penokoe-Gogi'bie di.st.rict, 
Wis., and in the Crystal Falls district, Mich. 

Manganese-bearing ores arc thus widely H(iat(,er<Hi (hroughout tin* 
United States. Commonly the manganese juinerals in (.he dcpo.sits an- 
associated with other ores, such as iron ores in the Lake Superior disi riel , 
in some deposits in Batesville di.sl,rict, and the Appalachian region; 
silver ore (or more iwmmonly silvcr-Ii'ad ore) in the Philipsburg, 'roinb- 
stonc, Leadville, Pioche, and Tintie tlistricte; zinc ore in the Butle, lied 
CM, and Franklin Furnace districts; and copper ore in the Bisbee 
district. There arc, however, some deposits in which manganese ore 
occur.*? alone, .'is in the principal deposits in the Batesville di.slrici,. In the 
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California deposits, in many deposits in Utah, New Mexico, Arizona, 
southern Nevada, southern California, and in the Appalachian region 
of Virginia, Tennessee, and Georgia. 

Where manganese minerals are associated with minerals of other 
metals, they have usually been regarded as a gangue material of little or no 
value. In many places where associated with iron ore they have even 
been considered an undesirable impurity. Where associated with ores 
of precious or semi-precious metals, they are commonly used for flux 
as in the Leadville, Pioche, Tintic, and Tombstone districts. With 
the rise in the price of manganese ore during the war, however, many 
such ores have been mined extensively for the manufacture of man- 
ganese-iron alloys, some of them for the first time. 


Physiographic Relations 

Although there are conspicuous exceptions, most deposits of the 
common manganese oxides -are confined to a shallow surface zone that 
has recently come under the influence of circulating waters of surface 
origin. The exceptions noted in the foregoing appear to have been 
formed in shallow bodies of water having continual access to abundant 
supplies of oyxgen in the air. The first group is widespread in regions 
that show great diversity of surface forms and that show a wide range in 
rainfall as well as temperature. It is noteworthy that although some 
large bodies of manganese oxides are known within the limits of Pleisto- 
cene or recent glaciation, the number of important deposits in unglaciated 
regions is much larger, and these deposits yield most of the world^s 
supply of manganese ore. 

As the result of studies in many regions, it is widely recognized 
that the depth and degree of rock weathering are closely related to climate 
and surface forms. Although locally, near fissures and similar zones of 
easy access to surface waters, oxidation and related rock decay may 
persist to depths ranging from 500 (152m.) to even 2500 ft. (760 m.) below 
the surface in regions with high relief, it is uncommon to find rocks com- 
pletely decayed over large areas more than 250 ft. below the surface. The 
areas that show complete decay appear to be restricted to regions of low 
rcilicf or regions of moderate relief that have had unusual physiographic 
development. It is apparent from the foregoing outline that localized 
bodies of manganese carbonates and silicates may be deeply weathered 
to oxides near fissures in regions of high relief, but it appears highly 
improbable that in such regions large bodies of manganese oxides could 
be formed by gathering from a large area the manganese that was widely 
disseminated through the rocks. As a matter of fact, rather meager 
exploration of most of the manganese oxide bodies in the regions of high 
relief in the western states shows that they overlie or occur near 



8 


EECENT STUDIES OF DOMESTIC MANGANESE DEPOSITS 


bodies of manganiferous carbonates or silicates, commonly rhodochrosite, 
siderite, or rhodonite, that were the source of the manganese now 
present as oxides. 

Most of the manganese deposits of several eastern states, notably 
in the Appalachian Valley in Virginia, Tennessee, and Georgia, possess 
features that are unlike those of the western deposits, in that they yield 
only oxides of manganese in clay, here and there residual from shale, 
limestone, or dolomite, but elsewhere apparently sediment in ancient 
river channels. Extensive explorations in these clays to depths that 
range from 200 to 312 ft. (00 to 95 m.) have not yet revealed the pres- 
ence of a carbonate or silicate from which the manganese might Imvo 
been derived, although the persistent association of the deposits wi(.h 
a zone of sedimentary rocks about 200 ft. thick partly justifies the 
conclusion that certain layers of the unwcathcrcd rocks contained 
manganiferous carbonate concretions. 

As most of the several hundred deposits of that region underlie rem- 
nants of upland terraces that coincide with the position of an amnent 
plain now much dissected, the suggestion has been niackd” that they 
were formed during the later stages of the dovelopiuent of the plain. 
Some deposits, such as the Kennedy and Midvale, in Augusta and Rock- 
bridge Counties, Va., occur in transporte<l sands and clays and the local 
features are such that they could not have received more than insignifi- 
cant contributions of manganese since this plain was dissected. During 
the period of the establishment of local plains, ther(* would be an exet'p- 
tional opportunity for manganese, as well as other suhstanccvs, to be 
dissolved by surface watcra from the rocks above the levtd of the plain 
and carried to a relatively shallow surface zone under (he plain. Hludit's 
of manganese deposits in regions where the rocks arc deeply decayisl 
should include careful consideration of the recemt physiographic, historitw 
of the regions. 


SlntiigrapMc Relations 

Manganose or(!S an* found in tin; United Sta(.es in ro<‘ks of nearly 
all geologic periods. There are certain scn-iiw of ro(ik formations, how- 
ever, with whi(di manganese! deposi(.s an! p(>i-sis(en(ly associated over 
largo anuis, such as the Shady limest<!ne ami a<ijacent horizons of the 
Cambrian in the Appalachian region, tin; Cason shah* <»f th<! Ordovician 
in the Batcsville district, Ark., the iron-bearing formations of the Ilunin- 
ian in the Lake Superior region, the, jasper of the Fninciscan formution 
of the JimisBic(?) in California, the Tertiary lavas and tuffs in tlu! South- 
w<'st, and the Carbonifiirous Iimeston(!H in various w<‘s(('n» mining dis- 

‘o lt(!fcrene(»8 ani to JtUdiograpfiy at end of impia. 
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tricts such as Leadville, Bisbee, Tintic, and others. In places, the ore- 
bodies are enclosed in the fresh rock itself; elsewhere, they are found with 
decomposition products of the rock. 

In the case of the most typical of these occurrences, distinct man- 
ganese minerals are found in the original rock either as bedded lenses, 
local concentrations, or in a disseminated state. Weathering as well as 
erosional processes have commonly produced further concentration 
of such manganiferous material into ore deposits. To this class belong 
the ores of the Appalachian region, of Arkansas, of the Lake Superior 
region, and of California. There are also certain rock formations, how- 
ever, such as the Carboniferous limestones of the West, which in widely 
scattered areas contain important manganese-ore concentrations in 
places where manganese minerals were not originally constituents of 
the rocks but have been brought in by outside agencies, particularly 
by water associated with intrusions of igneous rock. The materials 
have replaced these particular rocks because of certain lithologic or 
chemical characteristics such as easy solubility or porosity. 

Stratigraphic Distribution , — Table 1 shows the stratigraphic dis- 
tribution of the principal manganese deposits in the United States. The 
manganese ores of the Piedmont region of Virginia, South Cai'olina, 
and Georgia are associated mainly with decomposed residual material 
derived from Cambrian or pre-Cambrian schist, gneiss, and associated 
rocks. They occur along certain zones generally parallel to structures 
such as banding or schistosity in the inclosing rocks. In places, they 
arc found along the contact of two different kinds of rock but elsewhere 
they occur wholly within one kind of rock. Deposits of this type, 
though widely scattenKl, arc usually small and have supplied a rela- 
tively small part of t.ho total manganese ore produced in the United 
States. 


Taulm 1. — Siratigraphic Distribulion of Manganese Deposits 


Oenoisoic 

Jlecont 

Bog material near Wickos, Mont, and olscwhoro, 

In surface wash in Applaohian region, 
l^lcnstocono and Tertiary 

In Tertiary rhyolitic tuff near Las Vegas, Nev., and Topoch, Ariss. 

As fracture fillings and roi)lacomcnt« in rhyolitic and other lavas and tuffs in 
New Mexico, Arizona, Nevada, Utah, and South('astorn CJaliforuia. 

Tn basaltic tuff in Lake Crook district of southern Oregon. 

In monzonito and aplito, in Ihitto district, Mont, 

Mesozoic 

(Votacoous 

lu McEUno formation of (irecu River region, Utah. 

Associated with Cretacoous limestone near Hhumla, southwestern Te.xas, 
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Jurassic 

In jasper of Franciscan formation (Jurassic?) in California. 

With metamorphosed limestone and igneous flows, in Olympic region, Wash. 
Triassic 

In the Dolores formation, San Miguel Co., Colo. 

In shales of the Newark Group, near Annandale, N. J. 

Paleozoic 

Carboniferous 

In Carboniferous limestone in Tintie district, Utah. 

In Carboniferous limestone in Bisbee district, Ariz. 

Veins in Carboniferous limestone in southwestern New Mexico. 

In Carboniferous limestone in Tombstone district, Ariz. 

In Carboniferous limestone in Redcliff district, Colo. 

In Leadvillc '‘bluc^' limestone in Leadville district, Colo. 

In Carboniferous and other limestones in White Pine Co., Nev. 

In Fort Payne chert in eastern Tennessee and northeastern Alabtiina. 

In Kaibab limestone, Coconino Co., Ariz, 

Associated with chert in Casper formation, Albany Co., Wyo. 

In Calaveras formation, California. 

Devonian 

In Arkansas novaculitc in west central Arkansas. 

At Oriskany horizon along Alleghany front in wc.storn part of Virginia. 

Silurian 

In calcitc veins in limestone of Salina age in western part of Virginia. 

Veins in faults near Bromide, Okla. 

Ordovician 

In Ordovician limestones near Hilver City, N. M. 

In Cason shale and Fernvale limestone of Batesville district, Ark. 

In Holston marble in southwestern part of (»rcat Valley in T(»nn(%s<‘(v 
In Knox dolomite (Ordovician and Cambrian) along Appidachian Vall<\v of Vir- 
ginia, Tennessee and Georgia. 

Cambrian 

In Caxnbrian limestone at Piochc, Ncv. 

Near Renova, Madison Co., Mont. 

In Hasmark limestone of the Philipsburg district. Mont, 

In Shady limestone and adjacent formations along th<^ w(‘.st slope* of Appala- 
chian Mountains, in Virginia, Tennessee, and ( i<*orgia. 

In Hiwassco slate near 8evicrvillo, Tenn. 

In schist and linujstone in Puuhnont region, \n, 

Proterozoic 

Algonkian 

Near Cherry and Wigwam Creeks, iMadis<»n (’o., M<»nt. 

Manganese-bearing bods of (*uyunn, (Vystal Falls, and other bak(^ Supi’rior 
ranges. 

In schist and gxieiss of IJano axul Mason C'o., 'Pex. 

Archean? 

Home deposits of Pkwlmonfe region of Virginia, North (Wolins, South (’aroltna, 
and Georgia. 

The manganese o(»,ournmceH in the pr(^-('amhrian awix of <»(uitrnl 
Texas are small and unimportant.-^ Th<*y consist of h^nses pnrnllol (o 

References are to bibliography at end of pap<*r 
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the banding in schist and gneiss. The manganese minerals are princi- 
pally spessartite and piedmontite. They occur interlayered and inter- 
mixed with quartz, feldspar, and muscovite, and are superficially oxidized 
to manganese oxides. Deposits of the type of the central Texas ores are 
common in Brazil and India and furnish much of the ore imported into 
the United States from these sources. 

The iron-bearing beds of the Lake Superior region^ are manganiferous 
in several places, notablyin the Cuynna district, ^’but manganiferous 
iron ores have also been produced locally in the Mesabi and Crystal Falls 
districts. In the Cuyuna district the deposits are found along certain 
beds of the Huronian iron-bearing formation. Generally, the associated 
rock is ferruginous slate or ferruginous chert, and the manganese oxide 
both replaces the iron-bearing formation and fills fractures. The ore is 
richest along the borders of joints and minor fractures and becomes 
leaner the farther it is from such fracture planes. Here and there 
small ore blocks bounded by fracture planes have unreplaced centers. 
Although in their present form the ores are largely replacements, there 
were present in the same or adjacent beds original manganese minerals 
that have, through solution, oxidation, and redeposition, yielded the 
present ores. These were probably mainly manganese carbonate, which 
is still present in the less altered phases of the rock. The ore of the 
Cuyuna district consists mainly of manganite and pyrolusite mixed 
with hydrated iron oxides. Psilomelane is also widespread, however. 

In the Madison Valley near Cherry and Wigwam creeks, Mont.,®” 
there are several occurrences of manganese ore associated with marbleized 
limestone belonging to the Cherry Creek (Algonkian) formations con- 
sisting of mica schist, gneiss, and marble. The ores occur not far below 
the base of the Flathead quartzite (Cambrian) and are in the form of 
lens-like bodies of mixed psilomelane, manganite, and wad, associated with 
some calcium carbonate and iron oxides as impurities. The limestone 
is locally discolored duo to small amounts of iron and manganese min- 
erals disseminated through it. It is believed that the bodies recently 
explored wore formed during the Tertiary erosion period by the solution 
of those minerals and the redeposition (in openings) of their contained 
manganese and iron. 

Manganese Ores in Cambrian Rocks . — Of the manganese ores in 
('ambrian rocks, those in the Appalachian region and those in the 
Philipsburg district are most important, the Philipsburg district alone 
having supplied more than one-half of all the high-grade manganese ore 
mined in the United States in 1917 and 1918. The manganese orebodies 
at Philipsburg'*’ “ are found in the Hasmark magnesian limestone and 
mosl. of them have, the form of tabular bodies or pockets. These bodies 
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are associated with silver-bearing quartz veins and, like them, are related 
to intrusions of Tertiary granodiorite. There is, thus, no age relation- 
ship between the ores and the inclosing Cambrian limestone. Some of 
the orebodies consist of nodules of manganese oxides in a clayey matrix, 
others consist of soft powdery manganese oxides; in both cases the ore 
is probably a mixture of inanganite and pyrolusite. The ores mined arc 
manganese oxides, but in the lower levels of some of the mines rhodo- 
chrosite has been encountered; this is probably the original manganese 
mineral. The principal ganguc mineral associated with the manganc^se 
oxides is quai-tz. 

The ores occui'ring along the west slope of the Appalachian !Moun- 
tains,^'- from Pennsylvania to Georgia, although not sedimentary in their 
present form, arc so persistently associated with residual material doriv<'<l 
from a certain stratigraphic horizon as to make it almost certain that 
the deposits arc derived by concentration of manganese in mim'rals 
disseminated through strata at or near this horizon. The deposits con- 
sist of small fragments, nodules, or larger bodies of manganese oxides in 
residual clay or sand formed by weathering from the Shady limestone or 
locally, from t,hc lower part of the overlying Watauga shale. Th('S(? 
clays are manganese-bearing in many places but only locally are (lu^ 
particles and fragments of manganese oxide in them abundant enough 
to form ore deposits. The principal mangaiu'sc minerals are psilonu'- 
lanc, pyrolusite, and manganitc. All three may occur in the, same frag- 
ment. Wad is found in many places. Transitional sandy and shaly IxhIs 
occurring between the Shady limestone and the underlying lirwin (piarlz- 
ite are locally manganese and iron-bearing and may repn'sent the 
source from which sotne of the oro now occurring in tlui residual clay is 


derived. TIu^ jn-ineipal localities in which ores as.s<)cia(.ed with (ht^ 
Shady limestone are found are the Blm^ Ridge region, Va.,“’ (he 
northeastern Tennessee region,-"’ and the Gartersvillo distrie.t, Ga.'-'- ’’’ 
The other deposits of manganese minerals in ('ambrian rocks are of 
minor importance and little or no ore has been productid from them. 
Unique manganosc’-carbonate deptjsits asstaduted with the lliwassec'slatt) 
have been found at oiu( locality, viz., in the ( ir(‘at .Smoky Alount ains, 13 mi . 
southeast of Seviervilh', T('nn."' 'I’he orehodit's occur as nearly vertical 
lenses along the contact of slate ami (hdomite and consist «»f an uncommon 
carbonate of manganese, calcium, and magm'siiun whicli r(‘place« <lolo- 
mite. The carbonate niv. is oxidizc<l to psilomelane ami other oxides to 


a depth of (5 to 10 ft. (1.8 to 3 m.). Tlio lenses are as much ns T) ft. 


(1.5 m.) tliick. 

Manganese ores asHociat(al with Gambriun rocks in Montana art'. 
situated in the Jcvffcrson Valh^y, near Renova, Madison Co.’"’ A bed 
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of u'oii ore, consisting mainly of hematite with some limonite, is found 
a short distance above the top of the Flathead quartzite (Cambrian). 
It is as much as 15 ft. (4.5 m.) in thickness and is usually underlain by 
shale and overlain by limestone, both of Cambrian age. Locally, the 
middle portion of the iron-ore bed is rich in manganese oxides, mainly 
psilomelane and pyrolusite and constitutes a manganiferous-iron ore. 
The bed of oxides is believed to be of sedimentary origin. 

The Piocho district, Nev.,-*'* has important deposits of silver-bearing 
ferruginous-manganese ore but this ore has been mined thus far only for 
fluxing purposes. As at Philipsburg, the mangajiese of the deposits at 
Piochc was not deposited with the sediments in which the orebodies are 
found. It has been brought in by later ore-bearing solutions that have 
replaced certain beds of limestone and, to a less extent, calcareous shale. 
Buch replacement deposits have been found at five or six horizons in the 
Pioche district, all of Clambrian age, separated by layers of barren rock. 
The ores ani oxkh's, 503 ft. (t5(i m.) below the surface, the pi’esent 
lowei’ limit of explorations. 

Mmiganoi^c Deposits in Ordovician Rocks . — The most important 
manganese deposits in rocks of Ordovician age are those of the Bates- 
ville district in northern Arkanstxs. These ores occur in or near a 
definite stratigraphic zone known as the Cason shale, to which they 
are genetically related. The unweathered Cason shale is a greenish 
sandy sluiki which contains many flat concretions of manganiferous 
siderito, and is locally phosphatic. By weathering, the nodules are set 
free and enriched with additional manganese. The shale forms the 
uppermost member of tlio Ordovician. It is usually unconformably 
underlain by lihe Feruvale limestone, also of Ordovician age, and overlain 
by the Bt. ( Hair limestone (Silurian) ; or, where the limestone is absent, 
by the Boone c.hcrt (Carboniferous). 

The ores of the Batcsville district are of two kinds; (1) stratified 
1)0(18 of iron and manganese-carbonate material that forms part of the 
Cason shah', and (2) richer manganese ores occurring in residual clay 
derived from the weathering of the Cason shale and Fernvalo limestone 
and probably originating by solution and redeposition of mangan- 
iferous material that at one time was in the Cason shale. The ore beds in 
l.he Cason shale consist of small flattened buttons of a manganiferous cai’- 
bonate iml)cdded in a ferruginous sandy or shaly matrix, the whole form- 
ing a low-grade ore. The buttons arc oxidized only near the surface. The 
ore in the residual clay and weathered shale derived from the Fernvale 
and Clason beds, respectively, is in the form of nodules and irregular 
fragments and bodies of all sizes from a walnut to a barrel. Most of it 
is hard and consists of psilomelane and braunite, but locally soft oxides 
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are found as well. The ore in residual clay is an enriched product derived 
during the weathering of the lean stratified ore of the Cason shale. 

Similar to the Batesville deposits, in relation to the inclosing rocks, 
are the manganese deposits associated with the Holston marble ^ in 
southeastern Tennessee.''® There is believed to have been interruption 
in sedimentation between the deposition of the Holston marble and that 
of the overlying Tellico sandstone, as there is an irregular contact be- 
tween the two formations. Along this contact, manganese and iron 
oxides occur in the basal beds of the Tellico sandstone, extending down- 
ward into irregular openings in the upper part of the Holston marble. 
Enriched bodies of oxides, largely very pure pyrolusitc and manganiie, 
are found in residual clays derived from the weathering of these rocks. 

Manganese oxides are, in many places, associated with chert and clay 
derived from the weathering of the Knox dolomite.^® The chert mas.s<'.s 
have been fractured and then rocemented and partly rcphiccd by man- 
ganese o.xides. Fragments and disseminated particles of mangaiu'sc' 
oxides occur also in the associated clay. Such occurrences of ore an; 
widely distributed through the Appalachian valley, but only locally 
have the oxides boon sufficiently concentrated to form doposils. ^’he 
manganese has been gradually segi’egated during the weathering of (Im 
Knox dolomite, in which it appears to have been present originally in 
minute quantities widely disseminated. 

The fcrruginous-mangancKse orcbodies at Silver City, N. an' 

associated with upper limestone members of the Ordovician, in which 
they occur as irregular leuticuhir replacements more or less paralUd lo 
the bedding. Some of them occur near quartz veins but there is no 
regularity in this association. Although granodiorite is found in the 
immediate vicinity of the ore-boaring areji, the deposits arc b('li(‘vod not 
to be related to it but to have been formed by the leaching out of manga- 
nese from overlying shale bods. The orc.s are mixed iron and manganese 
oxides. Exploitation work is shallow and the cdiaracter and (extent of 
the deeper ore is not known. 

Manganese in Silurian Rocks . — Hocks of Silurian ago appt'ar to be 
deficient in manganese ores in the United States. A few occurrcin<'('.s 
known in the western part of Virginia,^'* where inangancHo oxulcs are 
found in calcitc veins in limestone of Salina age. 'riiis ore may have 1 x'en 
introduced from manganese deposits in overlying roi'ks of Oriskany ag(', 
which are discussed later. 

Near Bromide, Johnson Co., Okla.,® several deposits of mangamw' 
ore are found along faults in rocks of Silurian age. The most important 
deposits form a group of lenses near Springbrook (Viola) and consist of 
mixtures of braunitc and a manganiferous carbonate, which, in places, 

«Roferonoes are to bibliography at end of paper. 



E. C. HARDER AND D. P. HBWETT 


15 


fill a,ii cxtonsivo northwest trending fault fissure between the Arbuckle 
limestone (Cambrian and Ordovician) on the south and the Viola lime- 
stone (Ordovician) on the north. Another deposit east of Bromide, 
consisting of similar minerals, occurs along a northwest trending fault in 
the “Hunton limestone” (Silurian and Devonian). The deposits near 
Springbrook arc as much as 6 ft (1.8 m.) in width and extend along the 
fault about 800 ft. (243 m.). 

Locally, in western United States, in areas where the principal manga- 
nese deposits are associated with Carboniferous limestones or with 
Tertiary lavas, minor occurrences of ore, such as small veins or replace- 
ments, may be found in cai'ly Paleozoic roclcs, including the Silurian, 
where those rocks are present. 

Manganese in Devonian Rocks . — Ores in Devonian rocks that have 
boon exploited to a considerable extent are found in two regions in the 
Uni 1.0(1 States, in west-central Arkansas^'* and in the western part of 
Virginia. *'-* In west-central Arkansas and eastern Oklahoma, manganese 
oxidc'H are associated with the Arkansas novaculite. The Arkansas 
novaculito consists of three divisions: (1) a lower white novaculite at 
the top of which there are sporadic manganese deposits that may indicate 
a period of non-deposition of sediments; (2) a middle dark novaculite 
with interlaycred shale having a conglomerate at the base; and (3) an 
upper massive calcareous novacuUte also carrying manganese oxides. 
The manganese minerals are found along bedding planes, in joint cracks, 
veins, or as cement in novaculite breccia. They consist principally of 
mixtures of the manganese oxides, psilomclane, pyrolusite, manganite, 
and wad, associated in places with iron oxides. The deposits are small 
and ar (5 scat tered through the hard novaculite, so that their exploitation 
has not been successful commercially. 

The manganese ores along the Alleghany front, in the western part 
of Virginia, octeur in the lower part of the Oriskany sandstone. They are 
associated with the Oriskany iron-ore deposits, which are of -wide- 
spread occunx'uce along this horizon, and many of them arc ferruginous 
becixuse of this association. Most of the ores are in the form of breccia 
fillings and replacements in sandstone of the Oriskany formation and 
occur on benches as well as on mountain slopes. Certain of the more im- 
portant orebodies of this group are situated whore the crests of anticlines 
are ('xposod in areas that represent residuals of the Cretaceous pene- 
plain that was once widespread in the Appalachian region. Some high- 
grade deposits also occur in symclines as brocciated cave fillings along 
calcareous layers between sandstone beds. Not all the ores occur in 
bedrock, however; some are found in residual soil derived from theweath- 
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ering of these formations and occur as nodular masses in sandy clays. 
The ore is mainly psilomelane, but pyrolusite also occurs in abundance. 

Manganese in Carboniferous Rocks - — Manganese ores ai’e associated 
with Carboniferous rocks in many places in the Rocky Mountain and 
Grout Basin regions in the western part of the United States; but the 
only group of deposits associated with rocks of this age known in the east 
is found in the Fort Payne chert in southeastern Tennessee''® and north- 
eastern Alabama. The ore in the Fort Payne chei't is found as fillings of 
fractures and as replacements of the chert. As the chert masses w'oather, 
they break up into fragments and the inclosed ore is either left free or is 
associated with more or less chert in residual soil. The ore is mainly 
psilomelane. 

Of the deposits associated with Carboniferous roc^ks in the west, thosi' 
in the Leadville, Red Cliff, Tintic, Bisbee, and Tonihstoiio districis, and 
in parts of southwc'storu N(uv hfoxicojshow many simila.r i('aturos. In all 
these localities, the manganese ores arc generally more or loss closely 
associated with ores of more 'valuable uud.als, such as silvc'r, zinc, load, or 
copper. In all these localitic's, also, the ores are iissociatod with Clarlum- 
iferous limestones; not because of any original manganese content in 
those rocks, but because ore-bearing solutions, dcrivcsl probably from 
igneous intrusions, found those rocks roadilj’ I'tiplaceable. Linu'stonos ol 
Carboniferous age arc widosproatl in Ihc! w('st and the common 
association of orevs with them is oasily accounted for by f.heir pn'vaUius^ 

In the Bisboo district,'’'"* the manganese orebodies are g(ii<*rally 
superficial although in one mine a body of manganese oxides has bi'en 
found at a depth of blOO ft.. (390 m.). They are found not only in t lu' 
copper-bearing area iiumcdiat(;ly adjaeoiit to Bisbee but arcs s<‘at (.<’««! 
ov(n* a wide outlying area. Although they occur in the same limestones 
(Naco and Escabrosa) as the copper orebodies and are associated with 
the same north-and-south fissure zones, flui manganese orebodies an^ 
thoughtto bo more orlossdistiiu't from Uk' copper orebodies. Manganese 
ores liavo boon found at the surface' in pla(‘<'s wlu'ni (‘opper ore 
occurs at depth, hut the eouneetiou of t in' t wo occurrt'ne(‘s has not. 
boon domonstratod. However, most of tlie manganesi^ on's <i)iiiiun a 
small percentage of coppc'r and, lilcci tlw. (xippc'r ores, probably owe t heir 
origin to solutions accompanying thcf int.rusion of the granite porphyry. 
The ore is almost entirely psilomelant' assoeialetl with ealcite ami l)aril.<'. 
It forms replacements an<l fnuiture fillings in Carboniferous limestone 
along fissure zones. 

In the Tombstone district,' - •■"* the manganesti ores oecur at intervals 
along fissure zones in Carboniferous limestone, usually not. far from 
intrusive granodiorite. Most of the ore replaces limestone but, to 
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aoiiH! oxLoufc, fracturo fillings occur also in tlie limestone. The oj’<! is 
mainly psilomelaue. Mauganiferous calcite is found in some of the 
mines, and it may have been the source of much of the manganese in the 
ore. Alabandite also has been found in small quantities in the district. 
At Tombstone the manganese oxide is part of the gangue of silver 
minerals which have greater value than the manganese.- For this reason, 
the raw ore is treated in a concentrating plant which yields a high-grade 
manganese concentrate and a silver-bearing residue that is most valuable 
as a flux in smelting. The percentage of iron in the Tombstone man- 
ganese ores is small. 

The ores at Leadville^’ contain both manganese and iron oxides. 
Most of them are found in the Leadville or “Blue” limestone below the 
white porphyry sill and represent weathered replacements of the lime- 
stone. Fissuring has probably had much to do with their localization. 
The feriTiginous-manganese ores occur mainly in old lead workings, but 
some ores have been found in old mines from which very little lead or 
zinc has been produced. Most of the Leadville ores are argentiferous and 
the manganese and iron oxides have been useful as fluxes in smelting, as 
has been the case at Tombstone. The silver is probably present in the 
oxidized ores as chloride and the lead as carbonate. The unoxidized ores 
contain pyrite, galena, zinc blende, and a small amount of silver chloride 
and ihc gangue minerals arc quartz, barite, calcite, and mauganiferous 
si lorito. The latter is the source of the manganese oxides in the 
oxidized ore. 

The deposits at Red dliff,''** like those at Leadville, yield ferruginous- 
manganese orc'.. The orcbodics are in the form of great lenses parallel to 
(he l)edding of the imdosing Carboniferous limestone, which dips 15° 
NIO. Synclines trending at right angles to the strike of the bedding 
ai)p('ar In have influenced the localization of the orcbodies. The 
unoxidized ore consists of pyi-ite and sphalerite and some galena in a 
manganiferouB siderito gangue, whereas the oxidized ore which extends 
to [a depth varying from a few hundred feet to over 800 ft. (243 m.) 
below the surface, consists of iron and manganese oxides with some lead 
carbonate. 

The Tintic district*** pro<lucos silver- and lead-bearing manganese 
and ferruginous-manganese ores that, until recent years, were* used 
mainly for flux in smelting silver ores. The orcbodies arc irregular 
branching pockets, lenses, and pipes that occur along the upper par( s of 
jaspery quartz lodes in limestone, shale, or quartzite. The oxidized 
ore consists of a mixture of pyrolusite and wad and most of it is soft and 
crumbly. At water level, depth about 100 ft. (30 m.), these minerals 
have in some bodies been found to give way abruptly to rhodonite. 
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Jaspery quartz is generally associated with the manganese oxides, and 
more or less silver and lead occur in all the ore. The unweathered 
minerals are thought to have been formed by solutions of deep-seated 
origin. 

At Lake Valley, Kingston, and other localities in southwestern New 
Mexico, 20- 52 manganese and ferruginous-manganese ores occur in Carbon- 
iferous and perhaps other Paleozoic limestones. T.he oi*es are mainly 
replacements and fracture fillings along fissure zones and were formed by 
ore-bearing solutions originating from igneous intrusions. All contain 
silver, lead, or zinc. The oxidized ores consist of various manganese 
oxides, manganite, pyrolusite, or wad, associated with more or less 
iron oxide, quartz, and calcite. Below water level, ihose minerals 
usually give place to rhodonite, rhodochrosite, or ankerite with more or 
less quartz, calcite, argentiferous galena, sphalerite, pyrite, and other 
sulfides. 

The ores in the Ely and neighboring districts in White Pine (.o., 
Nev.,^^ are mainly irregular replacements in limestone and associated 
bodies of jaspery quartz. Granodiorite intrusions are generally found 
in the neighborhood of the orebodies. The bulk of the ore is in the form 
of soft oxides, pyrolusite, and wad; but psilomelane and manganite are 
also widespread and large masses of a hard compact oxide believed to^ Ix^ 
braunite have been found in several mines. Jaspery quartz, cahnte, 
and iron oxides arc associated with the manganese oxides. In oiu^ miiu' 
(Siegel mine) water level was reached at a depth of 200 ft. (00 m.) and 
below it rhodonite, rhodochrosite, ami alabandite were found asso<uate<l 
with pyrite and galena, (lerusito and massicot have lu'cn found in th<^ 
oxidized ore. All the ore contains more or less silv(U\ 

The ore deposits described arc of the silver, lead, zin(% or copp<u’- 
bearing type. All occur in the same group of rocks in whlely separatiMl 
areas but in every case the manganese th(\y <‘ontain was d(u*iv(‘d from 
deep-seated sources and was not a part of the rocks in whi<di Mu* d(*p<)sils 
are now found. There arc a few groups of d<*posits in tlu‘ west , howt‘V(*r, 
in which the ores are more closely related gcmetically to tlu* asso<*iattHl 
rocks; these are described in the following paragraphs. 

The manganese ore of Albany Go., Wyo.,^^’ is asso<nated with a Ij<*d of 
chert several feet thick inierlay<*<l in a formation consisting <»f pink uml 
maroon limestone and some sandstone. Tlu^ limestoiu* r(\sls on pn*- 
Cambrian granite. The manganese minerals, pyrolusite* ami manganite*, 
form fornlike aggregate's in <*hert. 

The manganese ores of C.^oconino ( *o., Ariz.,^’urc sit uated on Mogollon 
Mesa. They arc in the form of superfuaal replaccunents and br<H*eia 
fillings in flat-lying limestone and associated sandstone. Tlu' replace- 
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menls tend to follow bedding planes and are found within a few feet of 
the surface, whereas breccia fillings extend to greater depths. Within 
several feet from the surface, the rock is decomposed and in this material 
manganese oxide occurs as nodules and masses. The ore is mainly 
psilomclane. Some is fairly pure but where sandstone has been replaced 
abundant sand grains remain. Brown iron oxide is associated with the 
manganese oxide. 

Ore in Triassic sediments, somewhat resembling that foimd in Creta- 
ceous rocks in the Green River region of Utah, to be described later, is 
found in San Miguel Co., in western Colorado.^® The deposit forms a 
thin layer interbedded with sediments of the Dolores formation (Triassic). 
Above it is red clay and below it red sandstone. The ore is medium soft 
and consists of pyrolusite. Calcite is commonly associated with it and 
locally barite has been found. Exploration from the outcrop, however, 
shows that pyrolusite gives place to slightly manganiferous calcite. For 
this reason, it is believed that manganese has been derived from overlying 
rocks and has partly replaced the calcite. Near Annandale, N. J., man-, 
ganesc oxides locally replace red shale of the Newark group (Triassic) 
in the vicinity of quartz veins. The shale is nearly horizontal and the 
group of narrow quartz veins, which are vertical, may be traced about 
600 ft. (182 m.). 

Mangancae in Jurassic Rocks . — Jurassic rocks contain important 
manganese deposits in central California.*® These ores are found in 
bods an.d lenses of jasper occurring at various horizons in the Franciscan 
shale and sandstone formation, of probable Jurassic age. The manganese 
ores, which arc oxides near the surface, replace the chert and fill frac- 
tures in it. Most of the orebodies form pockets or irregular beds; but 
in a few placets they occupy fault planes and fissures bounded by chert 
walls. Some of l.hc surface ore is hard and massive, but some is porous 
and crumbly. As replacement of the chert is rarely complete, much of 
(,lu^ on*, is very siliceous. As explorations in many localities have not 
ext(nuled below the zone of oxidation, the source of the manganese is 
obscure but the fact that recently large quantities of rhodochrosite have 
been found in some of the (California deposits indicates that, locally 
at least, the present ores are derived from the oxidation of manganese 
(•.arbonate. 

I'lie luanganoso-silicate deposits of the Olympic Mountains*® arc 
among the interesting now discoveries of manganese occurrences. De- 
posits arc found at several widely separated areas but the geologic oc- 
currence in all places is similar. The orebodies are found in regionally 
metamorphosed greenstone, argillite or slate, and limestone of probable 
Jurassic ag(^. Most of the bodies are closely associated with the lirae- 
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stonCj which is strongly discolored by manganese and iron oxides, ihey 
are lens-like in form and consist mainly of an uncommon brown hyclroiis 
manganese silicate associated with some red jaspery quartz, hematite, 
and rhodonite. The hydrous manganese silicate is pale brown in color 
and is fine-textured and flinty in appearance. For several feet from the 
surface, the manganese minerals are weathered to black oxides. At one 
locality, a hard, heavy, compact, dark green oxide, that may be 
manganosite, was found forming from the oxidation of the manganese 
silicates. 

Manganese in Cretaceous Rocks . — In the Cbecn River n'.gion in centi'al 
Utah,®^ manganese oxides appear to form lenticular bodies over an 
extensive area at a definite horizon in calcarcouK, gypsifc'rous, rod sand- 
stone of the McElmo formation (Oretaocous?). As the rocks are nearly 
flat, the outcrop of the ore-bearing zone forms a sinuous line arotnid 
hills and ridges. The maximum thickness of any lens is 3 it. (0.9 
m.). The zone extends over many square miles. Below the ore zone, 
manganese oxides form veins and nodular concretions along joints in 
the sandstone; whei’C the manganese ore zone has been wcathcre<I and 
disintegrated many fragments of manganese oxide occ.ur in residual soil. 
Near the surface the ore consists almost entirely of pyrolusitc. Rlmdo- 
chi'osito has been oncountei’ed in tunnels of two mines 100 li . or more Irom 
the outcrop. The ganguo materials associated with tlu^ ore are silica 
and calcito. Locally gypsum is fouml ami in om^ mine ci-h'stitt' occurs as 
small lenses. 

The Green River manganese (U'posits probably reprc.scnt btsdded 
lenses of manganiforous carbonat.es including rhodochrosit.<', d<‘posit(«l 
immediately after the underlying sandst,on('. 

At Shumla, Tex.,““ manganese ore is found in association with Ijower 
C'-retaceouH limestoiu's. The orc^ (!onsist.s of wa<l and pyrolusitc asso<uat,e<l 
with clay in irregular depressions and <‘avili('s on tin* surla<‘e of the Budu 
and Edwartls limestotuis (('omaimheunl. Tlui localization of the o«i is 
believed to bo due to the solution of the limest(»m‘s along joints ami frac- 
tures, and the tilling of thesti open spatu's by clays ami a.ssociale<l manga- 
nese oxides. In phwais, the accunmlut ion has tak(>n plnc<‘ in caverns or 
other large underground-solution cavities where joints w<’re abumlant 
and where underground-watiir circulation was active, 'rin* manganese 
is believed to have been concentrated fr<»m a disseminated comlilion in 
the overlying rocks. Iron oxide is abundantly aH.so<'iatcd with tlm 
manganese oxides. 

Man.g<uu'se in Tertiui'i/ iiocfcs. •Depo.sits jissoeiuted with 'I'ertiary 
voleanie and intrusive rocks are commoji in many plaees in western 
United StaUw. By far the most widely (liHt.ribnfe<l an* thows occurring 
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as veins and replacements in rhyolitic, andesitic, basaltic, and other lavas 
and tuffs of Tertiary and, probably in a few places, of Quaternary age. 
The most important, commercially, of the Tertiary ores are vein deposits 
associated with intrusive monzonite, aplitc, and quartz porphyry at 
Butte, Mont. 

Manganese ores are found in Butte'^'' in groups of veins situated 
north, west, and south of the main copper-bearing area. These are the 
veins that were formerly worked for silver and some of which recently 
have yielded much zinc. Some of the veins near the copper-bearing 
area also contain considerable copper. The principal vein systems in 
which manganese ore is found are the Rainbow lode north of the copper- 
bearing area and the Black Chief lode southwest of this area. The 
oxidized portions of the veins extend to depths of from 20 to 200 ft. 
(() to 60 m.) and consist of a mixture of various manganese oxides, such 
as pyi’olusite, psilomelane, braunite, and wad, associated with quartz. 
In the unoxidized parts of the veins, rhodochrosite, rhodonite, siderite, 
quartz, and various sulfides, sphalerite, galena, pyrite, and others, are 
found. In most of tho veins rhodonite and rhodochrosite are intermixed 
and the material is of no value as an ore of manganese but locally, as in 
the Emma mine on the Black Chief lode, rhodochrosite is abundant and 
pure. The ores were deposited by manganese-bearing solutions that 
originated from deep-seated sources and followed the intrusion of the 
inclosing rocks. Tho manganiferous silver-zinc-bearing lodes appear to 
liavc^ bc'on formed at th(', same time as the copper-bearing lodes, but 
probably under slightly different conditions of temperature. 

In the Lake Creek district. Ore.,’’ and at Las Vegas, Nev.,‘^ and 
'ropo(dc, Ariz., manganese oxides are found in bedded replacement de- 
posits in (iuff. In each district, there are interlayered beds of lavas and 
tuffs and the manganese deposits are generally found along a certain 
(h'finite horizon in tuff bods. Whereas, in their present form, the ores 
ant undoubtc<lly secondary and ednstitute replacements in the tuff, 
tluiir distribution through a definite bed, parallel to the layering in the 
asso(tiatod volcanic rocks, strongly suggest that the manganese was 
derived from that bod. Ores of this typo are usually low grade and 
contain much unroplaccd rock material. 

In the Lake Crook district,-'’* manganese oxide is associated mainly 
with a bod of brick-red basaltic tuff that is underlain and overlain by 
I)laty basalt flows. To a less extent, it is also found in gray andesitic 
tuff liigher in the series. Tho oxide in the rod tuff appears to be localized 
in many phu'cs at the top of the bed directly under tho basalt. By 
.sohdiion and redeposition, however, manganese oxides have been formed 
lower down in tho tuff, especially in areas where the overlying basalt 
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has been removed by erosion. Near the surface, the manganese oxides 
are soft and crumbly; but below the surface, hard manganite is the 
principal mineral forming the deposits. Besides the silicate minerals 
present in the tuff, some hematite and limonite and a little gypsum, a 
zeolite and barite are found with the manganese oxides. 

At Las Vegas, manganese oxide is in beds of clay or tuff associated 
with rhyolite and volcanic breccia. The ore forms a flat-lying bed, 
varying in thickness up to 25 ft. (7 m.), which overlies greenish sand or tuff 
containing rhyolite fragments and is overlain by a bed of angular volcanic 
debris. The ore is soft, brownish black porous oxides, mainly wad. 
Calcite and fibrous gypsum are present in places. The oxides clearly 
replace tuffaceous material but the bedded form of the deposit suggests 
that manganese minerals may have been formed at this horizon at the 
time of the deposition of the associated volcanic rocks. 

Near Topock, Ariz.,^^ deposits of the same type occur in tuff associated 
with rhyolite and volcanic breccia. 

Veins, fissure fillings, and breccia deposi<.s of manganese oxides arc^ 
found in Tcr(.iary lavas in many parts of the Southw(5st. Among Ihe. 
more important districts in which these ores have been exploited ar(i 
the Aguila, Williams, Bouse, Topock, and Parker <lisf.ri(5(s in wcst<u’n 
Arizona,” Greenlee and Graham counties, eastern Arizona, ''’the Ironwood 
Maria and Chocolate Mountains,” .southern California,'^ .and Socorro 
County and elsewhere in New Mexico.-® The deposil.s of this group iire 
valuable for their manganese content only; ih(\v do not contain pri'cious 
or semi-precious metals, as in ciise of the veins and r('.pla<’ement deposits 
associated with Paleozic limestones near intrusive conta<^ts, whi(di an* so 
common througliout the west. While ocanirring priui’ipally in Tiirti.ary 
lavas, veins and breccia fillings are found also in ot.her rocks, botih 
igneous or sedimentary, that are a.s.sociated with the Ti'rtiary lavas. 
They have been found to a small extent in sedimentary and igneous rocks 
ranging in age from pre-Cambrian to Recent and in tiuaternary basalt 
flow.s. Although moat of the veins and brec<‘.ia <iopoaits are assocdat(nl 
with rhyolite, dc'.posits in andesite and basalt are also of common (xarnr- 
rence. The ores are simple vein and breccia fillings but. fillings with 
associated replacement of inclo,sing roeks are also known. Shear zoiu's 
consisting of ramifying veins are common. The ore shoots vary in siz<^ 
from mere vcinlots to bo<Iies many feet in width and of considi'rable 
longitudinal extent. 

The manganese minerals include psilonudum*, pyrolusife, an<l nianga- 
nite. The common gangne minerals are calcite, quart z, iron oxides, ami 
barite. 

Recent bog deposits of manganese ore anti mcchanieul accumulations 
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of manganesc-orc fragments and particles in stream gravels and surface 
wash, although common in many places in association with manganese- 
ore bodies of other types, rarely form important deposits by themselves. 

In summarizing, it may be said that although manganese deposits 
occur in rocks that show a great range in age, many important deposits of 
the United States are distinctly related to certain geological horizons, 
notably the pre-Cambrian, Cambrian, Ordovician, and Jurassic. The 
deposits that show such associations contain: (1) Manganese minerals of 
sedimentary origin deposited as distinct beds or local lenses during 
periods of erosion in nearby lands; (2) manganese minerals formed by 
concentration in residual material of manganese originally disseminated 
through certain rock strata. The remaining deposits include : (1) Those 
formed in easily replaceable rocks such as limestone, as well as calcareous 
shale and sandstone, through fortuitous association of such rocks with 
igneous rocks that were a source of manganese-bearing solutions; (2) 
veins and breccia deposits, especially abundant in certain volcanic rocks, 
the manganese of which was derived from obscure sources by circulations 
set up following their appearance on the surface. 

Slructural Relations 

The common manganese minerals 'are deposited from solution in 
water or by interaction with rock materials, and the movement of the 
waters through the rocks is largely determined by their structural 
features. Therefore, the location, extent, and purity of the manganese 
minerals that make up deposits are largely determined by the rock types 
and their structural features. In any consideration of most deposits of 
manganese oxides, it is necessary to distinguish, on the one hand, between 
the relations of the manganese sulfides, carbonates, silicates, the parent 
minerals from which the oxides may have been derived, to the inclosing 
rocks, and, on the other hand, the relations of the oxides to the parent 
minerals as well as to the inclosing rocks. 

As the structural relations of oxide orcbodies are dependent upon 
those of the bodies of parent minerals it will be sufficient to mention 
briefly the textural and structm-al relations of the parent manganese 
minerals to the inclosing rocks. Although the extent and relations of 
manganese-bearing carbonates and silicates to the inclosing rocks are well 
known in several western mining districts, such as Leadville,® Coeur 
d’Alene,®^ and Butte,®* many districts have yielded large quantities of 
oxides of manganese, the mineral source of which is still obscure. The 
work of Argali® has shown that, in the Leadville district, limestone and 
dolomite may be largely replaced by carbonates of iron and manganese 
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near faults or igneous contacts in a region where there has been extensive 
igneous activity. Similarly, in the Coeur d’Alene district, Ransome®^ 
has shown that shale and quartzite may be extensively replaced along 
fissures by manganiferous siderite. Probably similar replacement of 
carbonate and siliceous rocks by obscure carbonates of iron and manganese, 
as weU as magnesium and calcium, will be shown by future study to be 
widespread, and offer an explanation of the source of manganese oxides 
that have long been known. 

The occurrence of rhodochrosite ami rhodonite in veins in regions 
affected by igneous rocks is widespread. Recent work, by Pardee,®® in 
the Olympic Mountains, Wash., has shown the existence, in a large area, 
of lodes of an uncommon silicate of manganese that are either interbodded 
with or replace metamorphosed limestone and basic igneous flows. At 
present, there is reason for suspecting that many minor deposits of 
manganese oxides in regions of schistose rocks, such as eastern Virginia 
and South Clarolina, have been derived from lenses of rhodonite in the 
schist. 

Although bedded deposits of the manganese oxides that appear to 
have been laid down between successive .sediments have been exploited 
in the Cauc.asua and Nicopol regions, Russia, and several di.s(.ri(!fs in 
Chile, none definitely considered to belong to 1.hi.s typo arc known in idle 
United States. Recent work by Jones'^ has shown (hat a number of 
deposits in wiistern Arizona and sout.heasti'rn Ni^vada possi'.ss s(,riking 
resemblances to this type, but it apiieai-s (hat. practically all 1 ho dt'posit.s 
of manganese o.xides in the. Uni<.ed tJtati's, oxc<*pt bog ore.s, have heiai 
deposited by circulating surface watei-s moving along pervious zones 
that are detormined by dilTerenci'S in roi^k (oxture, joints, lissun's, faults, 
or breccia zones. 

Recent studies, by scvi^ral Survey geologists,"- " of ninety-nine d(‘- 
posits in the Valley of Virginia, in which mangane.si' oxides ar(> coimpiimcms, 
permitted the rocognitiou of five structural typos. In the <'ommone.Ht 
typo, manganese oxides form irregular massi's in the (day rosiilual from 
dolomite whore underlying gently dipping iinjicrvious quartziti* meets a 
piedmont plain. In these deposits, tlu^ mimganesi' jirobably originally 
disseminated through certain zones in tlm (hilomite appisai-s to have been 
deposited as oxides where the waters on meet ing the plain woks tempo- 
rarily stagnant. The scconil type, though less lionunon, yields llic largest 
bodies of ore, suidi as that worked in the ( Vimora mine. The oxides 
arc concentrated near the end of a gently dipping trough of impi'rvious 
((uartzitc where it emerges from a piedmont, plain. In two other t.yjM‘s 
manganese oxides arc dcpo.sited in clay along an extiuisive fault. an<l in 
the (iuarl.zit.e breccia along minor di8plat!<*ment.s. 'rhese types are not 
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only conunon in Vii’ginia and other eastern states, but are the most com- 
mon in several western states, such as Arizona’^ and New Mexico.^® 
Where the manganese has been derived from masses of manganese car- 
bonates, or silicates localized along faults or fissures, the oxides appear 
to remain in the fissure; but, locally, solutions percolate along fractures 
into the neighboring wall rocks and by replacing the rock minerals, 
convert it to a material rich enough in manganese to ship. Evidence 
of rather complete replacement of many lithologic varieties of rock by 
manganese oxides has been obtained during the progress of recent work. 
Limestone and dolomite, both pure and siliceous, quartzite, sandstone, 
shale, and chert, as well as the clays derived from them and their common 
metamorphic equivalents, many varieties of acidic and basic igneous 
rocks and their tuffaceous phases are replaceable by manganese oxides 
in solution in surface waters. 

The fifth structural type in which manganese oxides are deposited 
in stream sediments or alluvial material, is known in Virginia, and else- 
where in the Appalachian region, as well as in Nevada. In contradis- 
tinction to the bedded deposits, the manganese oxides in this type appear 
to have been introduced after the sediments were in place. The deposits 
of manganese oxides in bogs may be regarded as intermediate between 
these two types. 

Genesis of Deposits 

Studios of the genesis of manganese deposits, in contrast with those 
of many other common metals, encounter unusual problems that can 
best be handled by recognizing two types of deposits, primary and 
secondary. Among those of the first type may be included all those 
bodies of sulfide, carbonate, silicate, and probably phosphate minerals, 
the processes and sites of deposition of which are related to zones below 
the surface of the earth, whereas in the second type may be included 
those bodies of oxides that are formed where solutions containing man- 
ganese have access to free oxygen and are therefore formed in the sur- 
ficial zone. Doubtless, small quantities of manganiferous carbonates 
may be deposited under peculiar local conditions with those of the second 
type. It will bo apparent that secondary deposits commonly develop 
near primary deposits when these are brought near the surface by erosion. 
Confusion may arise, however, if the features of the nearby or super- 
posed types are not clearly separated. Further, by contrast, many 
secondary deposits arc known and others have been extensively explored 
without yielding satisfactory evidence concerning the minerals and 
localities from which the oxides were derived. 

Most manganese deposits in metamorphic rocks present problems 
that are peculiar to those rocks that have been deeply buried. Both 
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primary and secondary deposits may be deeply buried after they liav(i 
assumed definite form, and here and there it is <lifiicult to distinguish 
the features that should be attributed to the successive stages in their 
development. Although manganese deposits occur in metamorphic rocks 
in California, Washington, Texas, ami the Piedmont region of the 
Atlantic coast, only in the first-named stale' have they bec'u the scene 
of extensive exploration. 

Primary Deposits . — The minerals that commonly mak(' up the pri- 
maty deposits include the following, arranged approximately in i\w 
order of their importance: rhodochrositc; sidorii<e, and the r(‘la.ieil group 
of (*arl)onatcs of manganese, iron, calcium, and magnesium; rhodonite; 
spessartite; tephroitc and other silicates; and alabandit-(', the suHid('. 
Several of the lower oxides, including hausmannite (Mn^O.!) aTid man- 
ganositc (MnO), are known to occur with manganiferous carbonati^s in 
primary deposits. Fraiiklinito, the unusual mangant^se, iron, zinc oxid(S 
as well as manganosite, occurs with rhodonite in the (*alcite gaugin' of 
the Franklin Furnace', N. J,, deposits. A(‘(‘.essory minerals in md\ 
deposits include cpi'artz and many metallic sulfides and suli arsenides. 

Although rhodochrositc, manganiferous si(l('rit(', and tlu' otlu'r. manga- 
nese carbonates a, re deposited in fissures in many w('st('rn <Iist.ri<‘t.s, 
notably the Butte district, Mont., and the San Juan n'gion, ('olo., I bey 
coxnmonly replace the wall rock adjaci'ut to fissure's, laults, an<l igiu'ous 
contaeds. Tlu' parent mineral of the oxiele massc's at Philipsburg, 
Mont., is rhodochrosite, which generally i*('pla<*(\s magiu'sian linu'slont'. 
At Loadville., and Redcliff, (^)lo., th(^ paiont mineral of fin' manganese' 
and iron oxiek's is manganif(‘rous sielerite, whiedi repine I's lime'stone'. In 
the <k)eur <rAlein' re'gion, Ida., manganife'rous sidea'ite* re'plai'e's slafe* 
anel quartzite', but important bodie*s of oxieles have* not b<*<'n t(uiu(‘<l by 
weathering. Althe)Ugli alabamlite*- anel rhoeleudirosite* are' ktnuvn in the 
Tombstone elistvict, Ariz., the epiantity appe'urs to be' inadt'eiuate te> 
acejount for the^ large boeiie's of oxiele se) that otlu'r obse'ure* manga- 
nese minerals may l)e present. Tin* umngane'st' of all e^f Iht'se' el('p<»sits 
and many others having similar mine'rals and strue'turnl ass<H*ia(i<»ns 
appe'-ars to havti heem a e*onstitu(*ut ol wate'rs of el<*<'p-s<'at<*<l origin, 
that are given off eluring periods of igiu'ous activity. 

The silmate^s, spessartite ami tephroite', are rart' in the* rnitt'ei State's; 
the former is re'(‘.ord<*el from pegmatite dike's in Amt'lia ( 'o., Va., anel both 
are^ found in laye'rs in bande'd gneiss in Llaim am! Mason Co., 
Tephroite oe^emrs in the^ eieposits of Franklin Furnn<'<', N. J. 

Tim layeTS of manganiferous eartiouateH and silie*at(*s (hut uri* inter- 
beddeel with sediments present interesting problems. In some' rt'gioim, 
notably Nowfoumlland,* both pure uml impure pe'rsiHtent layers are 

* N*. (\ Dale^’ Tlu* (■amhrian «Mni)gnncH<^ of nml Trinity 
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iiitevbocklotl witli Jiiariiio sediments. Tlie cherty iron carbonate of the 
Cuyiina Range, Minn.,^’-'* forms lenses in beds whose origin is obscure, 
and the Cason shale, which contains the carbonate concretions at Bates- 
ville. Ark.,-® is probably a marine sediment. As the Cason shale has not 
suffered miuih metamorphism and it is known from studies of the Indian 
manganese deposits that manganese oxides survive considerable meta- 
morphism, it would appear that the manganese carbonate was deposited 
contemporaneously with other carbonates and clay. Investigation of 
the rhodochrositc and rhodonite lenses of CaUfornia and the silicate 
lenses of Washington has not proceeded to the point where satisfactory 
conclusions concerning their origin can be stated. 

Secondary Deposits . — Secondary deposits of manganese commonly 
contain psilomelanc, manganite, pyrolusite, braunite, and wad. Both 
psilomclane and wad commonly contain iron, and an isomorphous series 
that ranges from hydrous oxide of manganese to hydrous oxide of iron 
ai)pears to exist. Locally, distinct hydrous oxides of each metal are inti- 
mately mixed. 

The weathering of most primary manganese deposits yields super- 
posed bodies of manganese oxides, but locally the oxides migrate into 
the wall rocks and nearby surface debris and more rarely even into the 
sediments of nearby streams, and apparently to the sea, for at several 
hxialities the oxides of manganese arc deposited simultaneously with 
common marine sotlimcnts and chemical precipitates. The nodules of, 
manganese and iron oxides foiuul in the depths of the sea remote from 
existing lands appear to present a unique problem. It should be stated 
hcjre, however, that the manganese oxides of many deposits that appear 
to 1)0 interbedded with sediments or volcanic flows have been found with 
further exploration and study to bo the weathered outcrops of lenses or 
bo<lH of carbonate minerals or to have boon formed by replacement of 
l)ervious xonos of bedded mat.erials. Recent work indicates that 
manganese oxidcss only nirely are laid down as sediments. 

The scope of this pai)er does not permit an exhaustive review of the 
chemical problems of the solution and deposition of manganese minerals. 
Attention should be called, however, to a recent paper by V. Vincent* 
that Ix'ars closely on an important problem in the formation of sec- 
ondary manganese deposits. The manganese of most of the manganese 
minerals in primary deposits is in the state of manganous oxide (MnO), 
althotigh several minerals contain manganese, sesquioxidc (MnsOs). It 
is known (hat manganese goes inlio solution and is redeposited in a higher, 
state of oxidalion. If (he higher oxides are relatively soluble in the 
solutions commonly found in the zone of weathering it would be possible 
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to have successive solution and redeposition of manganese oxides that 
would lead to a zone of secondary em-ichment, similar to that found in 
copper and silver deposits. If the higher oxides are relatively insoluble 
in these solutions, however, they should tend to accumulate near the 
surface as the nearby weathered rock products are removed. According 
to Vincent, at 12° C., 62.5 mg. of manganese in the form of manganese 
carbonate are dissolved by a liter of water saturated by carbonic acid. 
The solubilities of the oxides in a saturated solution of carbonic acid at 
13° C. represented by milligrams of manganese per liter follow: manga- 
nous oxide, 29.1 mg.; manganese sesquioxide, 4.6 mg.; manganese di- 
oxide, 1.5 mg. The order of solubility is therefore 

MnCOa: MnO iMnsOs: MnOs = 42: 20: 3: 1 

Further, manganese carbonate and manganous oxide are soluble in 
humus but manganese sesquioxide and dioxide are not appreciably 
soluble. The data indicate that the solubility of the higher oxides of 
manganese ranges from 1.5 to 4.6 parts per million and that they are 
therefore highly insoluble. There is imson for suspecting that unless 
strong acids, such as sulfuric, or materials capable of reducing the oxide»s 
to a lower state of oxidation, are available the higher oxid&s of manga- 
nese will tend to persist in the mantle of weathered rock and not (car- 
ried downward to form enriched zones. In the eastern stal.('.s, float 
containing manganese minerals is commonly found in areas underlain 
’by deposits. It is also the impression of the geologists who have tixain- 
ined most of the western deposits that although some deposits in 
carbonate rocks do not outcrop, the outcrops that do exist give a depend- 
able impression of the horizontal extent of the (Uqjosits and yield niaterial 
(oxidcis) that is as good as or better than that which underlies it,. 

With reference to the mode of deposition of tlie. manganese oxides, 
it may bo tentatively stated that only rarely is tln'ro oxidation in mtu, 
and therefore, pscudomorphous replaccement of the paiH'iit mineral. It 
is ino.st common in depewits of .silicate minerals, where Iheis) is loss of 
silica in solution. In most places, and most conspicuously when! then! 
are (tarhonaU! minerals in limestone and dolomite, tl»! oxides migratt! 
locally and arc either deposited in oixm spaces <»r replaet! clay or the 
nearby wall rocks. The character of mangan<!S<!-bearing sctlutiona 
appears to be such that no rock type is immune to repla<!em(!nt by oxides, 
for specimens show more or less complete replaeeim!nt of limesfone, 
shale, and sandstone, as well as acidic and basic igntnnis rocks and their 
fragmental equivalents. Abundant ovid<‘nee is available from deposits 
in the eastern states to indicate that although oxides are locally deposited 
in open spaces, most of th(} nodules of oxides are fonmd by «!placomont 
of clay in which they are imboddod. The Batesville district yields excel- 
lent manganese oxide pseudomorphs of brachiopods. 
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There is lack of uniformity in the conclusions reached in several 
districts concerning the tendency toward segregation of iron and manga-* 
nese oxides that have been derived from the same or nearby minerals. 
Van Hise and Leith* state that in the Lake Superior districts the upper 
parts of the iron deposits contain more manganese than the lower. In 
the eastern states, however, there are several instances, notably the 
Mt. Torry mine, Augusta Co., Va., and the Kendall and Flick mine, 
Elkton, Rockingham Co., Va., where material mined near the surface 
was slightly manganiferous limonite whereas deeper exploration, 100 
to 250 ft. below the surface, yielded highly manganiferous limonite or 
slightly ferruginous manganese ore. Similar instances are reported in 
Tennessee.**® 

The present state of investigations concerning the relation of the 
oxides to water level does not permit a statement of conclusions. In 
many districts, notably those in the eastern states, where water level 
commonly ranges from 10 to 80 ft. below the surface, large bodies of 
oxides are mined 180 to 220 ft. below average water level. In these, as 
well as several western states where oxides locally persist several hundred 
feet below water level, close examination of accumulated information 
concerning the recent physiographic history, as well as further study, 
may be necessary to determine whether the oxides were actually deposited 
below water level or there have been oscillations of water level since the 
oxides wore deposited. 

Suggestions Regarding Examination and Exploitation of Manganese 

Deposits 

Those who seek to exploit ore deposits generally have two questions 
in mind: first, where are the favorable areas for deposits; second, what 
features should govern the effective exploitation of the deposit when it is 
found. Concerning the first question, it is only possible to make most 
general statements* Certain large areas in the IJnitcd States that are 
underlain by similar groups of rocks and have been affected by similar 
(U’osional processes, such as the belt of valleys and ridges east of the 
Alleghany front in Virginia, Tennessee, and Georgia,® contain many 
deposits. Likewise, the belts of outcrops of certain rocks, such as the 
Franciscan cherts in California, contain many deposits. Little help is 
to be obtained from such conclusions, however, for such belts extend for 
hundnids of miles and most deposits of manganese, as well as other ores, 
are measured by acres and fractions thereof. Recent investigations of 
deposits in Virginia^^ warranted the conclusion that, whereas most of 
the deposits occurred along the narrow belt where the remnants of an 

’•*0, E. Van Hibo and C. K. Leith: Geology of the Lake Sxxperior Region. TT, 8, 
Gool Survey Monograph 52 (1911) 488, 660. 
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extensive plain merge with the Blue llidgo, the largest depoKsii-s occur 
where the underlying rocks form troughs under this belt. It can \)c 
stated with considerable assurance that in estimating the merit of areas in 
this region, engineers and geologists would do well to (examine closely tlu^ 
structure of the nearby rocks and the position of areas with it'spect to 
the plain. Since few of the deposits in this region show conspicuious 
outcrops and yield significant float, this conclusion may aid in selecting 
areas for prospecting. 

In general, it may be stated that the coiu^entrated masses of (an’lain 
manganese minerals that arc called ore deposit.s, in some pla(K\s occur in 
certain definite stratigraphic zones, elsewlu're with distiind- striudural 
associations, such as in troughs, faults, or related breccia zones, as well 
as with fairly definite relations to erosion surfaces. Only whim unex- 
plored areas have been carefully examined with n^sped. to the possible 
significance of these three I)ran(^hes of g(H)logic. resea-r(‘h can the most, 
dependable conclusions be reached. 

In some respects, it is fort-unate that most- nianganc'si^ deposits out- 
crop at the surface, and that, as a rule, the outcrop materitd is as good as 
or better than any that will be encountered below th(' surfa(‘e. Thus, the 
operator may quickly determine with considerable assuranc(‘ wludlu'r he 
can ship acceptable material at a profit.. Exceptions to this ruh' uw 
found in regions where the manganese miiu'rals arc* associat<‘<l with 
residual clays, for although hx^ally float ma,t{u*ial may Ix^ found, it may b(» 
misleading or absent. Several Iarg(‘ manga.n(‘S(‘ <l(*posits in \’irginia. twv. 
covered by barren wash, and tiu^ ferruginous mangantsst^ dc'ptKsits of 
Minnesota are covered by a thick blanked- of glaedal drift. Also, many 
deposits of manganese ore in the Valley of Virginia, uixhu’lie' de'posits of 
iron ore, the iron oxid(\s having been relativity mor(‘ insoluhU* in the* 
underground waters than the mangaiu^se oxidt's. 

Where the manganese! oxidess that mak<Miptlu‘ marketabh* mat<u*ial of 
a deposit have been elerived from loca-liztal masse's of tln^ various eair- 
bonatc and silicate minerals (hat contain l(‘ss mangnn<\s<*, tin* peu’Histtnna* 
of the oxides bears a fairly definite relation te» tlu' position of grouml- 
watcr table. CWeful stmly of some r<*gions warrants flu* conclusiem (hut 
the water table is higher t-han it has be<*n in times past an<l that (hen*fore 
oxides and other minerals, whi<*h normally only p<*rsis( i<» \va(<*r lev<d, 
arc found much deejier than (he presmit U*v<h It may be niu*ce.ssary 
to consider the possible bearing of di.sturbanc<*.s of the watiu’ table* due* t<» 
vortical oscillations of the land surface as wt‘ll as to pridniigi'd pumping 
coincident with <leei) exploration. 

In some arid regions with considerable surfu<*e n*li<*t\ su<*h ns parts of 
California, the groun(l-wat(*r table may lx* d(*ep aiul the nnnlt<*r<'<l 
carbonate and silicates may nnnaiu n(‘ur the surfact*. fn the 'rombstom* 
lUstrict, manganese oxides j)(*rsist. iVM) ft. (102 m.) lH»iow tin* .surfa(*<* nn<l 
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ail unknown short distance below water level; whereas in the Bisbee dis- 
trict,'*® they persist 1300 ft. (390 lu.) below the surface, also slightly below 
water level. At Leadville, conditions are not simple duo to complicated 
faulting; a number of shafts are dry and yield oxidized ores 400 to 500 
ft. (121 to 152 m.) below the surface; but in the Pem-ose mine, oxides 
persist 810 ft. (240 m.) below the surface and about 600 ft. (182 m.) below 
the recent water level. Explorations at only three mines in the Philips- 
burg district have extended below water level, which appears to range 
from 150 to 250 ft. (45 to 76 m.) below the surface at the outcrop, and 
oxides persist below this depth. 

In the eastern states, where there is moderate rainfall and low 
surface relief and most of the manganese ores are in residual clay, the 
water table ranges from 10 to 80 ft. (3 to 24 m.) below the surface. Only a 
few explorations on manganese deposits extend more than 300 ft. (91 m.) 
below the surface but oxide ores have been mined at several places 
in Virginia from 240 to 260 ft. (73 to 79 m.) below the surface and 
180 to 220 ft. (54 to 67 m.) level. These data may serve as a guide in 
exploration. 

It is highly essential that the mineralogy and texture of the ores of 
most deposits, and especially of the oxides, be carefully studied as close 
observation of these featux-es sooner or later will permit conclusions as to 
the mode of introduction of the minerals into their present positions. As 
the manganese oxides arc generally the only minerals that may be 
marketed, it is important that evidence of the minerals from which the 
oxides are derived should bo obtained as promptly as possible, during the 
progress of explorations. Chemical analyso.s of the material shipped will 
show the (luantity of silica and other oxides present, but do not show 
whether the silica is present as quartz grains or veinlets or as the minerals 
rhodonite, spessartite, or other silicates. Thus, according to Pardee,®® it 
appears to be iiossible by a study of the texture and mineralogy of the 
oxide ores at liutte to distinguish those that were derived from rhodonite 
from those d(‘, rived from mixtures of rhodochrosite and quartz. Since 
rhodochrosite may be separated from quartz by milling processes and 
mark(4('d to advantage and rhodonite has no value, the observation may 
serve a good purpose. 

Hummurizing, it is safe to infer the extent of a deposit of manganese 
oxidc's in proportion as it is possible to demonstrate either, on the one 
luuul, an adeciuate or concentrated nearby source of manganese in the 
form of sulfides, carbonates, or silicates that might bo altered or further 
concentrated by ordinary processes, or on the other hand, a rather inade- 
quate or disseminated source of manganese concentrated by a combina- 
tion of exf.raordinarily effective processes. If a concentrated source of 
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manganese carbonates or silicates can be demonstrated and processes 
have been favorable, a large deposit may be expected. If, however, 
only a disseminated source of such minerals can be proved or the source 
is obscure, one should be cautious in assuming that a deposit of oxides 
is extensive, unless there is good reason for believing that unusually 
effective processes of concentration have been in operation. The study 
of the “border zones” between oxides of manganese and waste or wall 
rocks has the highest importance. 

PitODUCTION 

Classes of Ore . — In the preparation of statistical reports concerning the 
production of manganiferous materials, the U. S. Geological survey now 
recognizes five classes according to composition: Manganese ore, fer- 
ruginous-manganese ore, mauganiferous-iron ore, manganifei-ons-silver 
ore, manganiferous-zinc residuum. 

Manganese ores arc those that contain 35 or more per cent, manga- 
nese. Until 1918, only material with 40 per cent, or more manganese 
was regarded as manganese ore,'® on the assumption that 80 per cent, 
ferromanganese could not bo made from lower grade material unmixed 
with that of higher grades. Even though the reduction of the manga- 
nese content in forromangaiufse from SO to 70 and 00 per cent, was a war 
expedient to provide a market for larger (luaidities of doim'stic ore, 
there is basis for believing that, in favoia'il localitie,s, matcu-ial ranging 
from 35 to 40 per cent, manganese will iamtiiuu? to find a market wit h ( h<! 
makers of ferromanganese. Although it is i)os,sil)le for material with 35 
per cent, manganese to contain 40 per cent, .silica, even nsHuitly very lit tie 
ore with more than 25 per cent, silica has becui markidial and the avei-age 
manganese content of all domestic ores produci'd during 1018 was about, 
39 per cent, manganese and 13 per cent, silica. So far as is now known, 
only a few deposits, such as several in the L('a<lvill<^ district , yii'ld matm-ial 
with more than 35 per cent,, inanganesi' and mort^ than 10 p<*r <’('nt. iron 
and it seems appropriate', to reeiognize this ix're'entagc* as the dividing 
line between ferruginous-mangant'se ore and manganese, ore. 

Perruginous-manganoso ores are. l.ho.s(! that, in tlu' natural stai<‘, 
contain from 10 to 35 per cent, manganese. Although during t he short - 
age of manganese ores in 1918, small quantitu's of material with this 
range of manganese and 20 to 30 per cent, silica au<l 5 to 15 per cent, iron 
were marketed, most of tins ore contained from 30 to 38 per cent, iron 
and 10 to 20 per <jcnt. silica. The product of most of tlu' beailvilh? mines 
contains from 20 to 30 per cent, manganese, 10 to 15 per cent, silica, and 
10 to 20 per cent. iron. The change of the lower limit of manganese in 

noferonocs arc to bibliography at. end of paper. 
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terruginous-mangauese ore to 10 from 16 per cent., as used in recent 
publications by the United States Geological survey, is based on the 
conclusion that spiegeleisen with 16 per cent, manganese can be made 
from ore with as low as 10 per cent, manganese, and that this alloy will 
continue to be made and used in the steel industry. 

Manganiferous-iron ores are considered to be those that, in the 
natural state, contain from 5 to 10 per cent, manganese and more than 
35 per cent. iron. 

Manganiferous-silver ores arc those that contain more than 5 per 
cent manganese, generally more than 10 per cent, iron, and suf&cient 
silver to make it more profitable to use them as a fiux in lead or copper 
smelting than as a source from which to recover metallic manganese or 
iron. Such ores are only produced by mines in Arizona, Colorado, and 
Nevada at the present time. 

Manganiferous-zinc residuum is the product obtained from franklin- 
ite ore from New Jersey by calcining it with coal. A large part of the 
annual production is used in making spiegeleisen. 

In Table 2, a summary of the domestic production of manganese and 
manganiferous ores during recent years is presented. It contains detailed 
statistical data for only manganese ore, ferruginous-manganese ore, and 
manganiferous-iron ore; in addition, recent annual production of zinc 
residuum is presented. 

The most impressive feature of the statement of production given in 
Table 2 is the extraordinary increase in rate of shipment as well as the 
total quantity of ore shipped within a short period from new sources in 
the western .states in contrast with that from the previously well known 
sources in the eastern states. This is largely due to the fact that the 
ores of most of the eastern districts are distributed through residual clay 
and other waste, which must be washed away from the ore in washers 
and jigs. As a result, the rate of shipment is practically determined by 
the capacity of the mills at the respective deposits. There can be scarcely 
any doubt that the part of the investments in the domestic industry, 
during 1917 and 1918, used in installing milling equipment was larger than 
that used in making explorations. Thus, aside from seasonal variations 
due to the local climate, the shipments from Virginia, Tennessee, Georgia, 
and Arkansas during 1916, 1917, and 1918 were much less than many 
would have expected from the records of previous production. 

The extraordinary output of the new deposits in the Phihpsburg 
district,** has been the principal contribution of the domestic industry. 
The first shipments were made, in 1916, from several deposits that were 
known from the earlier period of activity when deposits of gold and 
silver were exploited, but the search quickly became intensive. By 

“ References are to bibliography at end of paper. 
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*Not including ore shipped from Colorado for fluxing which was not reported quarterly. 
Not including ore shipped from Colorado and Nevada for fluxing. 
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August, 1917, 17 deposits of considerable size were explored and in 
September, 1918, 29 deposits with more than 500 tons reserve were 
developed. The marketing was temporarily hindered by the unwilling- 
ness of consumers to accept the ores with 15 to 20 per cent, silica, but 
this disappeared in 1917 and 1918 when the shortage of better material 
became acute. The ease with which the material may be mined makes 
the reserves of the Philipsburg district the most important source in the 
country in the event of an emergency. 

Other western mining districts that had been previously explored 
for other metals have made important contributions of high-grade 
manganese ore; Bisbee and Tombstone, Ariz.,®* Lake Valley, N. M.,®® 
and Tintic and Eureka, Utah.®® Although considerable ore probably 
remains in the Bisbee district, the acceptable material from the other 
districts is apparently nearly exhausted. The Leadville district, which 
for many years has regularly shipped large quantities of silver-bearing 
manganese and iron oxide ores for use as a flux in lead smelting, was 
vigorously explored and shipments during 1916, 1917, and 1918 were more 
than twice those during previous recent years. 

One of the most interesting new sources of ore during 1917 and 1918 is 
the Emma mine in the Butte district,®® Mont., which has yielded about 
56,000 tons of rhodochrosite, an ore that, so far as can be found, was never 
before smelted to ferromanganese in the United States. The veins of 
rhodonite and rhodochrosite of the Butte district have been well known 
for many years; and although the Emma mine has recently been exploited 
for zinc ore, the bodies of rhodochrosite were found to be pure enough to 
permit shipment to eastern makers of ferromanganese. The other known 
bodies of pure rhodochrosite are not large but, as recent milling experi- 
ments in the district have shown that it may be possible to separate 
rhodochrosite from the mixtures with quartz, a large quantity of carbon- 
ate material may be recoverable from the district. Between March and 
September, 1918, the Anaconda Copper Mining Co., having surplus 
electric power at Great Falls, erected five electric furnaces to reduce the 
carbonate ore from the Emma mine. The plant was operated for only a 
month when the surplus of ferromanganese and prospective decline in 
price made operations hazardous and it was closed. 

Several newly discovered deposits in regions that, before 1916, wore 
not known to contain manganese deposits, however, have made important 
contributions but not as large as many who think the West is still scarcely 
scratched might have expected. The most conspicuous new deposit is 
the Three Kids, 15 mi. east of Las Vegas, Clark Co., Nev.,^® which was 
discovered in 1917 and until December, 1918, had yielded 15,000 tons 
of material with 35 to 42 per cent, manganese. Other new deposits from 
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which more than 500 tons each had been shipped, by the end of 19] 8, in- 
clude several groups in eastern Riverside and Imperial Co., Cal.; several 
groups in Maricopa, and Santa Cruz Co., Ariz.; the Myers mine near 
Magdalena, Socorro Co., N. M. and several near Ely, Nev. Several 
large deposits of manganese-bearing siliceous materials have been found in 
the Williams River district, Ariz., and of manganese-bearing calcareous 
material near Shumla, Tex., but only trial shipments have been made. 

It is a coincidence that the low-grade deposits of the Cu3runa Range, 
Minn., ^ were explored several years before the outbreak of the European 
war and were available as an important source of material when the 
shortage in manganese alloys began to develop. Since 1914, the district 
has been systematically explored for manganiferous ores, and shipments 
have increased at a rapid rate, although there is a seasonal variation on 
account of the effect of the climate on transportation. Until 1916, 
most of the shipments were material with less than 0.125 per cent, phos- 
phorus and more than 12 per cent, silica and were used in -making 
spiegeleisen; but shipments of material with more than 0.125 per cent, 
phosphorus have steadily increased and there is a prospect that a perma- 
nent market may have been established for such material. 

Remoteness from all except a single small outlet, that of Pueblo, has 
hindered the exploitation of the ferruginous-manganese ore deposits of 
the Silver City district, N. M/*^ If the material were near the steel- 
producing centers of the east, it would be extensively used. The decline 
in shipments through 1917 was caused by excessive accumulation of stocks 
at Pueblo and the increase during 1918 to shipments to Chicago, and 
other eastern markets. 

The shortage of ships, which began in 1914 and was most acute early in 
1918, caused a rise in price of desirable grades of manganese ore (more 
than 46 per cent, manganese) to figures that were about five times those 
prevailing in 1913 and 1914. In the same period the price of ferromanga- 
nese rose to a maximum of ten times the price just preceding the war and 
then became rather stationary at about seven times the old price. As 
prices of ore rose, the shipments of desirable material from domestic 
sources increased only slightly, and there was therefore created by enter- 
prising alloy makers in the latter part of 1916 a market for less desirable 
manganese ore (35 to 45 per cent, manganese, and 8 to 20 per cent, 
silica) . The extraordinary increase in rate of production shown in Table 2 
began when alloy makers were willing to accept the less desirable material 
that most of the domestic deposits were only capable of supplying. 

The increase in rate of production of ferruginous-manganese ore has 
been large but scarcely comparable to that of high-grade ore. Any great 
increase in consumption of such ore has depended on the capacity of 
steel works to enlarge the use of spiegeleisen, which might be made 

. 7 References are to bibliography at end of paper. 
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from them, or on the development of variations of present methods of steel 
maViTig whereby such ore might in part replace the alloys now used. 
That both tendencies have been in operation is shown by the destination 
of shipments of ore, as well as the increase in manganese metal used as 
spiegeleisen, from 9 per cent, of the total prior to 1913, to 15 per cent, of the 
total in 1917. Recent studies have shown that the metallic manganese 
in alloys made from domestic ores has risen from about 8 per cent, of the 
total to over 30 per cent, in 1918. 

The increase in production of manganese ores, from 1915 to 1918, 
considered with the available estimates of reserves of ore, give consider- 
able reassurance concernilig the possibility of maintaining the present 
rate of steel production for a year or two in the event that no foreign 
ore or alloy were available. 

Composition op Domestic Orbs 

An important element in measuring the extent to which domestic 
sources of ore meet domestic requirements is the composition of the 
domestic material. Makers of alloys are particularly interested in the 
percentages of manganese, iron, silica, phosphorus, and water. The dis- 
covery that domestic ores from important mines in several states, notably 
Georgia and Virginia, contain from 10 to 15 per cent, barium oxide 
has demanded close examination of manganese ores for this element, 
however. 

Tables 3 and 4 have been prepared on the basis of data reported by 
various producers of ore as well as the Miami Metals Co., Chicago, and 
the Southern Manganese Corpn., Anniston, Ala., to the United States 
Geological Survey, but the most valuable data are based on compilations 
made from monthly reports submitted by makers of ferro-alloys to the 
War Industries Board. Mr. H. W. Sanford of the Ferro-alloys Division 
of that board has kindly permitted the presentation of these data. The 
weighted analyses of the stocks of Brazilian, Indian, Cuban, and Costa 
Rican ores on hand July 31, 1918, are given to permit a comparison with 
domestic ores. 

Although there can be no doubt that many of the new, as well as 
old, domestic deposits can produce some material with as much manga- 
nese and no more iron or silica than the best foreign ore, when the mines 
exploiting known deposits attempt to produce a considerable part of the 
requirement under the stress of war conditions and at prices four to 
five times normal, they yield a material less desirable for making ferro- 
manganese than most of the imported ore. The mines of several dis- 
tricts, such as Batesville, Ark., produce material that compares favorably 
with most of the foreign ores, but most of the districts, and especially 
those from which during 1917 and 1918 a large part of the domestic 
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production was shipped, yield ores that contain, a little less manganese, a 
little more iron and water, and considerably more silica than those from 
the principal foreign sources. The composition of the ores from the 
Philipsburg district, which made up nearly one-half the 1917 production, 
is noteworthy on account of the low percentage of iron and high percent- 
age of silica. Practically all the ores from west of the Rocky Mountains 
contain less than 0.06 per cent, phosphorus, which is less than that 
present in most foreign ores. On the other hand, the material shipped 
from the mines in Alabama, Arkansas, Georgia, Tennessee, and Virginia, 
where the ores occur in residual clays that result from long-continued 
weathering contain two to three or more times as much. 

One of the most interesting recent events in the domestic manganese 
industry has been the exploitation of the carbonate ore of the Emma 
mine at Butte. Although large quantities of such material had been 
used to make ferro-alloys in Europe, never had it been used in the 
United States. Approximately 56,000 tons of ore of the indicated com- 
position were shipped from the Emma mine during the year ending Dec. 
1, 1918, and the material has been used to advantage in the blast furnace, 
when mixed with oxide ores, and in electric furnaces, unmixed, in making 
70 to 80 per cent, ferromanganese. 

Had the shortage of ships that was acute in 1918 caused continued 
restriction of imports of foreign ore, a much wider market for low-grade 
manganese ore would have been created. In order to make up the deficit 
caused by the restriction, most makers of ferromanganese had the choice 
of maintaining the grade of ferromanganese at 80 per cent, manganese, 
thereby utilizing rather siliceous material from many domestic sources, 
or reducing the grade of ferromanganese to 70 or 60 per cent, manganese 
and thereby utilizing ferruginous manganese ores obtainable in large 
quantities from a few sources. In response to the appeal of the American 
Iron and Steel Institute in April, most makers reduced the grade of the 
alloy and made large purchases of ore in the Cuyuna district, Minn., and 
Leadville district, Colo. Most of the Cu3uina range material contains 
more than 0.125 per cent, phosphorus; and although the silica is rather 
uniformly more than 10 per cent., large quantities of standard grades of 
spiegeleisen have been made of the ore from one mine without adding 
high-gi'ade ore. It is unfortunate that the large reserves of Leadville 
■ and Silver City districts, which are highly desirable material, are so 
remote from points of consumption. 

Reseeves 

Among the purposes of the field investigations of manganese deposits 
by the United States Geological Survey during the past 3 years, the 
attempt to estimate reserves has been fundamental. This part of the 
work was approached with a certain apprehension, for it was recognized 
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that for most districts neither the extent of explorations nor time availa- 
ble for the work would permit the order of accuracy that most mining 
companies require as guides in operating. However, since the domestic 
steel industry, until 1917, depended on overseas imports for about 90 
per cent, of the total manganese metal needed, and there was a possibility 
that a serious shortage of ships might occur during 1918 and 1919, it 
was thought necessary for the government to have access to dependable 
estimates that might be the basis of important decisions in matters of 
national policy. 

The geologists engaged in the work have not been ignorant of the 
problems that were involved in the attempt to assign dependable esti- 
mates to the quantities of ore of each grade in deposits that showed 
every degree of exploration. Early in the investigations it was recog- 
nized that important geologic features of several types of deposits were 
obscure and that estimates of quantity and grades might only indicate 
the order of magnitude. On the other hand, it could not be denied that 
such estimates by a skilled observer had definite value. It is now be- 
lieved that, in addition to the original purpose, the point of view has 
stimulated closer scrutiny of the features that determine the dimensions 
of the deposits and that better geological data have been obtained than 
would otherwise have been the case. 

Since a number of geologists have aided in the work and many types 
of deposits have been examined, complete uniformity of method and the 
same degree of accuracy in the estimates have not been attainable through- 
out. In presenting the estimates, it was considered advisable to show 
two types of reserves. The estimates in the first column under each 
grade are based on fairly satisfactory data concerning horizontal extent 
and either definite data concerning persistence in depth or geologic 
evidence that permitted assigning vertical limits. In only a few deposits, 
such as several in the Philipsburg and Butte district, Mont., have 
data necessary to calculate ^^ore developed” or ^‘ore being developed” as 
defined by Philip Argali* been obtainable. Conditions in the industry 
since 1916 have encouraged maximum rate of removal of visible material 
and few mines have undergone the systematic development demanded 
by conservative mining. In several states, such as Virginia, Georgia, 
and Tennessee, where the material marketed is commonly disseminated 
through masses of clay, which is rarely explored far in advance of mining, 
the estimates represent little more than the order of magnitude of mini- 
mum recoverable quantities. The second column under each grade 
includes estimates of quantities that will probably be added to those in 
the first column by work in. progress. 


T. A. Rickard and others: ‘'The Sampling and Estimation of Ore in a Mine,"' 
70 to 81. New York, 1907. 



Table 5. — Reserves of Manganese and Manganiferous 


i Number; Manganese 35 Per Cent. + 


State District 

Authority 

Number 

Deposits ; Work 
Examined i Concluded 
1916-1918 1 

Exam- 
ined 
Less 
Than 
60 Tons 

1 Number 

1 of 
Deposits 

Reserves, 

Tons 

Additional 

Reserve 

in 

Prospect 

Arizona F. L. Ransome 

|E. L. Jones, Jr. 
Arkansas, west-' 

ern H. D. Miser 

Arkansas, Bates-, 

ville dist. . . H. D. Miser 

76 

1 

37 

181 

Mar., 1918 
June, 1918 

June, 1916 

June, 1918 

12 

30 

26 

40 

1 

I 5 

110 

82,000 

600 

100,000 

? 

160,000 

California 

Colorado, Lead- 
ville dist. . . 

G. D. Louder- 
back asso- 

ciates 

J. B. Umpleby 

202® 

1 

Sept., 1918 

1 

Aug.. 1917 

97 

59 

45,000 

? 

Colorado, other. J. B. Umpleby 
districts., . . ,E. L. Jones, Jr. 

i 5 

July, 1917 

4 

2 

1,000 


Georgia 

J. P. D. Hull 

F, C. Schrader 

53 

July, 1918 

1 

26 

100,000 

200,000 

Minnesota, Cuy-, 

una Range. |J. F. Murphy 
CuyunaRange'J. F. Murphy 

10 

15 

1917 

1917 





MontanSj Butte 
district. . . . 

J. T. Pardee 

62 

Aug., 1917 


2 

2,800 


Montana, Phil-; 

ipsburg dist J. T. Pardee 


Oct., 1918 


25 

130,000 

350.000 

Montana, other 

districts J. T. Pardee 


1917 

1 

1 

100 


Nevada 

J. T. Pardee 

J. C. Jones 

E. L. Jones, Jr. 

36 

July, 1918) 2 

18 

21,000 

? 

New Mexico... . 

E. L. Jones, Jr. 
J. B. Umpleby 
E. H. Wells 

22 

July, 1918 

6 

i 7 

1 1 

1 3,500 : 

1 ' 


North Carolina 

F. C. Schrader 

i 17 

1 

Nov., 1918 

14 

1 

. 50 

i 

Oklahoma 

D. F. Hewett 

1 

1 ^ 

Oct,, 1917 


1 3 i 

1 1,000 

i 

Oregon 

J. T. Pardee 

E. S. Larsen 

23 

Aug., 1918 

15 

6 

13,000 1 

i 

1 

Tennessee 

G. W. Stose 

F. C. Schrader 

120 

Oct., 1918 

78 

42 

45,000 

20,000 

Utah 

V. C. Heikes 

J. T. Pardee 

45 

June, 1918 

25 

16 

11,000 

? ■' 
j 

Virginia, east 
side of valley 

G. W. Stose 

H. B. Miser 

F. J. Eatz 

D. F. Hewett 

110 

1 

Sept., 1917 

58 

30 : 

100,000 

360,000 

Virginia, west G. W, Stose 
side of valley H. D. Miser 
Washington. . . . i J. T. Pardee 

84 

32 

Sept., 1918 

Aug., 1918 

45 

2 

1 

1 

42,000 1 

600 

60,000 

Alabama 

Idaho. 

South Carolina. 

Texas 

Wyoming 

G. vr. Stose 

L. G. Westgate 
F. C. Schrader 

J. B. Umpleby 
E. L. Jones, Jr. 

7 

1917 1918 

1 

2 

4 : 

j 

1 

1,200 

i 

1 


Total - - - 


1181 

1 

*428 

421 1 

699,760 j 

1,130,000 i 




• 



Note.— The interrogation mark indicates that further exploration will probably rovoal additional 


* Incomplete. 
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Ores in the United States, December, 1918 


Manganese 5-85 Per Cent., i Manganese 5-35 Per Cent., ' 
Largely More Than 20 Per Cent., Largely More Than 30 Per Cent. 
Silica, Less Than 30 Per Cent. Iron and Less Than 20 Per Cent. 
Iron Silica 


No. of 
Depos- 
its 

I Reserves, 
Tons 

1 Additional 

1 Reserve 
i in Prospect 

Number 

of 

Deposits 

1 Reserves, 
Tons 

1 Additional 
' Reserve 
, in Prospect 

23 

235,000 

? 

1 

5,000 


2 

200 





45 

160,000 

? 




43 

54,000 

? 

3 

6,000 





13 

700,000 

800,000 

1 

200 


2 

750,000 

250,000 

17 

50,000 

230,000 

10 

2,254,000 

9 




15 

11,374,000 

9 

60 

400,000 





19 

56,000 

230,000 




2 

700 


1 

1,800 


15 

6,000 


4 

552,000 

500,000 

6 . 

1 

1 

133,000 


3 

500,000 

500,000 

2 

200 



j 


2 

1,700 





2 

101,000 

1 




1 

j 

25,000 

i 

20,000 

15 1 

10,000 



4,000 

i 


22 

5,000 

100,000 



j 

14 1 


? 

30 

86,000 

? 

i 



I 

10,000 

? 




275 

1,323,000 

480,000 

103 

16,157,800 

2,160,000 


Remarks 


I Practically all recorded deposits 
;have been examined. 


Practically all recorded deposits 
, have been examined in coSjpera- 
; tionwith Cal. Council of Defense. 
I Most important deposits exam- 
j ined; material commonly ranges 
I from 20-30 per cent. iron, 
i Only a few deposits in Chafifee, 
I Eagle, Fremont & San Miguel 
Co. examined. 

I All deposits in Bartow; several 
; in Fanniuj Murray & Polk Co., 

! examined in cooperation Georgia 
1 Geological Survey. 

I Cuyuna range, less than 0.125 
1 per cent, phosphorus. 

Cuyuna range, more than 0.125 
per cent, phosphorus. 

I All recorded deposits of oxide 
! ores examined; estimate does not 
• include large deposits of carbon- 
I ate ore, 35-38 per cent, manga- 
; nese. 


Madison County. 

All recorded deposits have been 
examined. 

All recorded deposits have been 
examined. 


Almost all recorded deposits 
have been examined. 

Johnson Co. only; examined in 
cooperation with Oklahoma Geo- 
j logical Survey. 

All recorded deposits in Baker, 
Jackson, and Josephine Co. 
have been examined. 

All recorded deposits have been 
examined in cooperation with 
Tennessee Geol. Survey. 

All recorded deposits have been 
I examined. 

I All recorded deposits have been 
j examined except Piedmont re- 
I gion, east of Blue Ridge. 

Examined in cooperation with 
Virginia Geological Survey. 

All recorded deposits, except 
several in Gray’s Harbor Co., 
examined; reserves range 30-35 
per cent, manganese. 

Some important deposits not 
! examined. 


reserves. 
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4G RECENT STUDIES OF DOMESTIC MANGANESE DEPOSITS 

Classification of Reserves , — The classification used in Table 5 aims io 
indicate the use to which the matei’ial can probably be put. Although 
material with more than 35 per cent, manganese can contain about 40 
per cent, silica, in 'which case it would not be acceptable for making 
ferromanganese, most of the material under the heading '^Manganese 
35 per cent.'' can readily be used to make ferromanganese with 70 to 80 
per cent, manganese. By judicious mixing, all of it can be so used. 
Where the material of a deposit is not homogeneous throughout, only 
that part with more than 35 per cent, manganese that may readily be 
selected under existing conditions is considered as the reserve. The 
average manganese content of this class is about 40 per cent. 

In the second class is placed all material with from 5 to 35 per cent, 
manganese, and generally less than 30 per cent, iron, that is not now 
readily marketable on account of high silica or lime content. With 
improvements in the processes of beneficiation, it would become available 
as a source of manganese. The average manganese content is about 
25 per cent. 

The third class contains all material in which manganese is equal to 
or less than the iron and may either be used to make spiegeleisen or, if 
the phosphorus is too high, may be used in making high-manganese 
pig iron. The average manganese content of the natural material is 
about 16 per cent. 

High-grade Ore , — The scope of this paper does not permit a detailed 
review of the reserves in each state. It is clear, however, that the largest 
reserves of high-grade ore are in the Philipsburg district, Mont. The 
nature of the deposits, as well as the state of mining explorations, makes 
the ore of this district the most readily available for the alloy industry 
in the event of great need. Large reserves of high-grade ore undoubtedly 
exist in Virginia, Georgia, and Tennessee; but explorations are meager 
and, since the rate of production depends on elaborate milling equipment, 
they would not contribute largely to an urgent demand. This is clearly 
shown by records of production during 1917 and 1918. The known 
reserves of Arizona contain less manganese and more silica than the ores 
of Philipsburg. If it is assumed that about 850,000 tons of high-grade 
ore are needed to make the 42,000,000 tons of steel produced in 1918, 
domestic reserves can be depended on for about 1 year's supply. Hince 
only a part of this is readily available it is improbable that known deposits 
could within 1 year supply more than one-half the needed ore. 

Low-grade Ore . — ^The Butte district, Mont., and Arizona contain 
the largest reserves of low-grade siliceous ore, very little of which has 
been amenable to concentration by known processes oven at the high 
prices prevailing in 1917 and 1918. If these prices were assured over a 
reasonable period, the material would offer an attractive field for 
research and appreciably add to the dependable reserves. Th(i silicate 
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ores of the Olympic Mountains, Wash., which are found near large un- 
developed sources of water power, would also be especially attractive. 

The ferruginous-manganese ores of the Cuyuna Range, Minn., 
appear to contain more than three-fourths of the reserves of that grade 
in known deposits. For several years after they had been extensively 
explored, there was much discussion concerning the use to which the pro- 
duct might be put. Although there may be problems in marketing some 
of the material when prices are nearer those prevailing prior to 1914, 
these deposits must be considered the most important single source of 
manganiferous ore in time of great need. Since they are nearest the 
centers of iron and steel manufacturing, most of the output will be more 
readily available to that industry than higher grade, but more remote 
material, at Leadville and Silver City. Only unusually high prices would 
permit marketing the ores of the Pioche districts in the steel-producing 
region east of the Mississippi. The utilization of the low-grade ores of 
practically all districts depends largely on either the increased use of 
spiegeleisen, into which they can be converted, or on new or unperfected 
processes of steel making. There can be no doubt, however, that they are 
the most important domestic source of manganese-bearing material. 

Conclusion 

As the result of high prices and the widespread appeal from many 
sources, the country has been closely examined for manganese deposits. 
In this search, prospectors, miners, mining engineers, geologists, as well 
as the friendless brokers, have played a part. Obviously, the search 
has been most intensive in those regions in which deposits had been 
previously exploited. It is rather interesting, however, that the contri- 
bution from the well known deposits in Virginia, Georgia, Arkansas, 
and California has been much less than that from districts such as 
Philipsburg, Mont., and Bisbee, Ariz., which, although extensively ex- 
plored for other metals prior to 1915, were not known to contain large 
bodies of manganese oxides. Although it would not be wise to assume 
that further search will not show the presence of many additional deposits 
that could contribute in time of need, it appears that almost every locality 
of promise has been examined. 

Although preliminary reports describing most of the districts have 
been published, only the salient geological problems have been indicated. 
At present, there is good basis for thinking that these recent studies of 
domestic deposits have yielded data that will offer important contri- 
butions to the knowledge of manganese deposits. 

There can be no doubt that many competent observers, including 
the consumers of manganese ore, have been surprised to observe the 
increase of the domestic output from less than 2 per cent, of requirements 
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in 1916 to 36 per cent, in 1918. If some consumers have been reluctant 
to use the available high-grade, as well as low-grade domestic ores, other 
consumers, advantageously situated or with commendable enterprise, have 
proved conclusively that the problems of utilization of the domestic 
material are not as insuperable as at first was thought to be the case. 
There is even good basis for the assumption that, under stress, the steel 
and related industries could be maintained at the 1918 rate of production 
for a short period, at least, entirely on the products of domestic mines. 

From the beginning of the campaign of the examination of deposits 
by the U. S. Geological Survey, the attempt was made to estimate the 
character and extent of reserves of manganiferous materials. Making 
proper allowance for the probable accuracy of the estimates that have 
been made, it can be stated that the known deposits of high-grade ma- 
terial are large enough to maintain the steel industry at the 1918 rate 
of production for 1 year. The extent of explorations, considered with 
geological observations, holds out the hope that 2 years’ supply may 
exist in these deposits, but it seems certain that 3 or 4 years’ supply is 
not by any chance available. 

The widespread utilization of low-grade, in place of high-grade, 
material undoubtedly presents imposing metallurgical problems. To 
the optimistic observer, not competent to consider these problems in 
detail, the progress made to this end during 1917 and 1918 offers con- 
siderable encouragement. The large reserves of the low-grade material 
can probably be depended on, under stress, to double the probable life 
of the high-grade ore. 
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Manganese-ore Deposits in Cuba* 

BY BKNBST P. BtrECHAKD,t M. S., WASHINGTON, D. C. 

(Chicago Meeting, September, 1919) 

A RECONNAISSANCE of the manganese- and chrome-ore deposits of 
Cuba was made by the writer, as a representative of the U. S. Geological 
Survey, in company with Mr. Albert Burch of the Bureau of Mines, 
under instructions of the Secretary of the Interior, in the spring of 1918. 
The Cuban Government courteously detailed Sr. E. I. Montoulieu, a 
mining engineer connected with the Treasury Department, to act as 
escort and associate throughout the work on the island. The object of 
the study was to obtain authentic information for use of the United 
States Government as to the location, character, quantity, and availa- 
bility of the manganese- and chrome-ore deposits in Cuba. Accordingly, 
the work comprised exanoination of such deposits as seemed to be 
of promise, without regard to stage of development, with a view to a 
determination of the quantity and quality of ore likely to become availa- 
ble for shipment during 1918 and 1919, and of the tonnage of ore in re- 
serve. While it was possible to visit most of the deposits that seemed to 
be of promise, there was not suflScient time to visit all that were brought 
to our attention, some of which may have merit. Moreover, the neces- 
sity for paying particular attention to the ore deposits and the mines 
precluded the possibility of making more general studies of the geology 
of the region, and of making satisfactory collections of country rock and 
of fossils, and so for other details as to the geography and geology of 
Cuba the reader is referred to the report by Hayes, Vaughan, 
and Spencer.^ 

Mr. Burch returned to the United States about 10 days in advance 
of the writer, who continued, in company with Sr. Montoulieu, investiga- 
tions of reported deposits in Pinar del Rio, Matanzas, and Santa Clara 
Provinces. On his arrival in Washington, Mr. Burch submitted to the 
Director of the Bureau of Mines a summary of the results of the work 
to date. Later the writer published, as Press Bulletin No. 380 of the 
U, S. Geological Survey, a statement concerning the chrome and man- 


* Published by permission of the Director of the U. S. Geol. Survey, 
t Geologist in charge Section of Iron andJ^SteeLMetals, XJ. S. Geol. Survey. 

^ 0. W. Hayes, T. W, Vaughan, and A. C. Spencer: Report on a Geological Recon- 
naissance of Cuba, made under direction of General Leonard Wood, Military Governor 
(1901), U. S. Cool Survey BidL 213. 
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ganese ores of Cuba, and in that bulletin, as well as in this paper, the 
engineermg data contained in the unpublished report of Mr. Burch has 
been freely used. 

A few months prior to the field work of the writer, G. Sherburne 
Rogers had examined a manganese deposit near Trinidad and Max 
Roesler, a deposit near Mendoza. The field work of these geologists was 
not duplicated, and the writer has taken, from their reports, essential 
facts concerning the deposits they described. 

Grateful acknowledgments are due Sr, Montoulieu; his knowledge of 
the language and customs, general acquaintance with the regions visited, 
and his professional training made his service of inestimable value. Much 
valuable assistance and information were given by Mr. George Reno, 
Chief of the Bureau of Information in the Cuban Department of Agri- 
culture, Commerce, and Labor; by Sr. Pablo Ortega, Director of the 
Bureau of Mines of Cuba; by Major Thomas F. Van Natta, Jr., Military 
Attache to the United States Legation; and by Captain Varona of the 
Cuban War Department. Especial thanks are due Messrs. Chas. F. 
Rand and E. G. Spilsbury, of New York City; George E. Starr, of Phila- 
delphia; Pedro Aguilera, Eugenio Aguilera, Wm. Pitt, and Frederico 
Lopez-Adazabal, of Santiago de Cuba; A. J. Trumbo, Howard Trumbo, 
and Capt. W. F. Smith, of Havana; and the many mining officials and 
operators throughout the Island, through whose assistance the party 
was enabled to cover the territory to the best advantage. 

In the study of material for the preparation of the present paper, 
petrographic determinations have been made by E. S. Larsen, W. T. 
Schaller, D. F. Hewett, and Miss E. F, Bliss, chemical analyses by George 
Steiger and W. T. Schaller, and paleontologic determinations by T. Way- 
land Vaughan and Joseph A. Cushman, all of the U. S. Geological Survey, 
besides paleontologic determinations by J. W. Gidley of the U. S. National 
Museum. 


^ DiSTEIBTrTION OF DEPOSITS 

Manganese ore is found in Cuba in Oriente, Santa Clara, and Pinar 
del Rio Provinces, but in Oriente Province only does it occur in large 
commercial quantities. There, the deposits are in three areas: one north 
of Santiago de Cuba, one south of Bayamo and Baire, and one on the 
Caribbean coast between Torquino Peak and Portillo. In Santa Clara 
Province, a little ore has been found near the Caribbean coast west of 
Trinidad; and in Pinar del Rio Province, manganiferoua material occurs 
north of the city of Pinar del Bio and farther west near Mendoza. All 
these deposits were examined, but only the deposits in Oriente Province, 
near Santiago and Bayamo, give promise of considerable production. A 
map of the island showing the location of the deposits is given in Pig. 1 . 
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Geneeal Geologic and Topogeaphic Featuhes 

The manganese ores of Cuba occur in the oxidized zone, mainly near 
the surface, but in places extend to depths of at least 100 ft. and consider- 
ably below groundwater level. The deposits are found principally in 
sedimentary rocks, such as limestone, sandstone, and shale, that are in 
places metamorphosed, and in beds that originally may have been water- 
laid tuff but are now partly replaced by manganese oxide, zeolites, cal- 
cite, and other minerals. In the most heavily mineralized localities the 
deposits are in and about masses of siliceous rock, locally termed jasper 
and “bayate,” that are associated with the country rock. At one locality 
south of Bayamo, the manganese and its siliceous associates are in igneous 
rocks, such as latite-porphyry and latite. 

The sedimentary rocks with which the manganese deposits are asso- 
ciated are in some places nearly horizontal but generally show dips rang- 
ing from a few degrees to 45° or more. These inclined beds usually 
represent portions of local folds. Some faulting is shown in the vicinity 
of certain manganese deposits and may have influenced the localization 
of the deposits. 

The area north of Santiago and that south of Bayamo are north of 
the mountain range known as the Sierra Maestra, but that on the coast 
east of Portillo is at the southern base of this range. The area north of 
Santiago is, broadly speaking, in the basin formed by the Sierra Maestra 
on the south and the Sierras de Nipe and del Cristal on the north, the 
greater part of which is drained westward by Rio Canto and its tribu- 
taries, and small parts of it by Rio San Juan and Rio Guantanamo to the 
south and east. The deposits of manganese ore are found on both sides 
of the basin. The deposits in the area south of Bayamo are in the 
northern foothills of the SieiTa Maestra drained by Bucj’’, Bayamo, Yao, 
and Cautillo rivers. 

The deposits in the two areas north of the Sierra Maestra show an 
interesting concordance in altitude. They arc from 600 to 1200 ft. 
(152 to 365 m.) above sea level, and most of them are at altitudes of 
nearly 600 to 700 ft. (182 to 213 m.}, suggesting a relation between the 
deposition of the manganese and a certain stage in the physiographic 
development of the region. Most of the manganese-ore deposits aiu 
above drainage level on the slopes of hills of moderate height, the maxi- 
mum relief in the immediate vicinity of the deposits seldom exceeding 
500 feet. 

Spencer,* who has studied the geologic section across the island 
through the ai'ea near Santiago, has pointed out that the geologic; striu;- 
ture between Guantanamo on the east and Manzanillo on the west is 

® A. C. Spencer: Manganese Deposits of Santiago, Cuba. U. S. (Seol. Survey 
Bull. 213 (1902) 251-252. 
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that of a broad synclinal fold, with an east-west 
axis; the stratified rocks that compose the 
northern slopes of the Sierra Maestra dip at 
angles of from 10° to 20° toward the depressed 
area of the interior occupied by Rios Cauto, 
Guaninicum, and Guantanamo, while upon the 
north side of these drainage basins the strata 
rise toward the mountains that border the north 
coast. He states that the rocks exposed along 
the crest of the Sierra Maestra are coarse, well- 
stratified, volcanic breccias; and that upon the 
northern slope these pass beneath strata show- 
ing an alternation of marine sediments and fine- 
grained volcanic tuffs, which are in turn covered 
by flows of basalt and still other fragmental 
volcanic deposits, finally grading into and giving 
place to limestones and other purely marine 
sediments; see Fig. 2. 

Some of the manganese-ore deposits have 
been observed to lie on the crest and slopes of 
anticlinal hills, but these anticlines are but local 
puckerings of the strata forming the broad syn- 
clinal basin just mentioned. The foraminiferal 
limestones and greensand marls associated with 
the manganese ores in the Santiago district, and 
also probably along the northern foot of the 
Sierra Maestra south of Bane, are regarded by 
Cushman as of the upper Eocene age. Eocene 
time is considered to have been characterized in 
the area of Oriente Province chiefly by subsid- 
ence, with active volcanoes, causing interbedding 
of volcanic and sedimentary rock.^ 

Types op Deposits 

The deposits of manganese ore examined in 
Cuba consist chiefly of mixtures of some or all 
of the oxides pyrolusite, psilomelane, manganite, 
and wad, and there are probably others present, 
but as a rule the individual minerals are not 
readily distinguished, and they have not been 

3 Hayes, Vaughan, and Spencer: Op. 31-33. See 
also reprint of the chapter on physiography and general 
geology, partly revised by Pablo Ortega, Director of the 
Bureau of Mines, Havana, 1918. 
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studied in detail. Braunite, an oxide containing manganese siKcate, was 
determined in a specimen from the Camaroncito district. With this ex- 
ception no manganese silicate was fotmd in the Oriente ores, nor was any 
manganese carbonate noted, but small quantities of ankerite and rho- 
donite were observed by Rogers in manganese-bearing metamorphosed 
limestone and calcareous schist near Trinidad, Santa Clara Province. 
The deposits in Oriente vary in form and associations but they may be 
grouped into three general types according to their associations: deposits 
in bedded rocks, deposits in irregular masses of siliceous rock (jasper, or 
bayate), and deposits of nodules and fragments in clay. (The term jas- 
per is more commonly used in the Santiago district, and bayate in the 
Bayamo district.) The “bedded” deposits comprise several varieties, 
one of the most common consisting of poorly consolidated, tuffaceous 
material, granules of pink clay, zeolite minerals, and manganese oxides. 
Such deposits are of at least two generations; the earlier deposits (Pigs. 
23, 26), occur as thin tabular or lenticular bodies inter bedded with 
Eocene limestone strata, and the later ones fill depressions in the surface 
and solution cavities within the limestone (Pigs. 9, 10, 19). These latter 
deposits may in places be formed by slumping down of beds due to caving 
of underlying rocks; they are then apt to be confused with deposits 
of the residual clay type. Other bedded deposits are replacements of 
limestone, sandstone, and conglomerate beds, a good example of 
fossil bog deposit was found (Figs. 24 and 25). The masses of jasper 
are irregular in outline (Figs. 7, 10, 12, 22). They cut across beds and 
also follow the general planes of bedding in places. Manganese oxides 
in a nearly pure state are found in pockets; they are also intricately 
disseminated through the jasper. 

The extent and quality of the deposits varies considerably. Most of 
the largest and richest orebodies are associated with jasper; those that 
have replaced Hmestone thoroughly are also rich but small. The tuifa- 
ceous ore where interbedded with limestone is mostly in thin beds; where 
it is detrital it generally occurs in deposits of workable size but of low 
grade and must be washed in order to separate the granular ganguc 
material from the manganese oxide. Deposits in residual clay yield 
good ore after picking, screening, or washing, but are not numerous or 
extensive. 


Deposition op the Manganese Obes 

The deposits of manganese oxides associated with masses of jasper 
or bayate appear to have been one of the earliest of the several types of 
ore to be formed. The field relations of the jasper bodies indicate that 
the jasper has been deposited in the limestone and glauconitic be.ds by 
solutions that have enlarged openings along joints and crevices and 
locally replaced the enclosing rocks by silica and manganese minerals. 
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The relations of the manganese minerals to the jasper as observed in 
thin sections suggest that the manganese and silica have been deposited 
very nearly contemporaneously. If not wholly so, then some of the 
manganese probably came in ^ith a secondary silicification. There has 
been more or less replacement of silica by manganese, also leaching of 
manganese minerals from the jasper and redeposition in other rocks. 
As a result of a careful examination of the deposits at Ponupo, Spencer^ 
came to the conclusion that bayate (jasper), and oxides of manganese 
had been deposited as replacements of limestone and of calcareous sand- 
stone. He considered the relation of the siliceous materials to the man- 
ganese oxides to be so intimate that, in some instances, the ore appeared 
to have been deposited subsequent to the bayate and had in part replaced 
the siliceous material; but in other instances the silica appears to have 
been the replacing substance and to have been brought in after the 
formation of the ore. 

The nature of the regularly bedded deposits, which consist of granular 
to fragmental material containing specks and grains of pink clay, the 
whole more or less cemented by oxides of manganese, is of considerable 
interest. The original material of the beds, without much question, is 
volcanic tuff laid down in an Eocene sea, between deposits of foraminiferal 
limestone. (At the Charco Redondo mine, sharks’ teeth were found in 
a thin layer interbedded with massive limestone). The manganese min- 
erals appear to have been introduced later in waters that readily moved 
along the porous beds, the materials of which they partly replaced. 
Some irregular masses appear to have been deposited by streams that 
transported material from other beds of tuff that had disintegrated 
rapidly, the detrital material having been cemented by manganese oxide. 

Little direct evidence could be obtained during the rapid reconnais- 
sance as to the source of the manganese prior to its deposition with the 
jasper and in the lenses of tuff, but the proximity of volcanic rocks to 
the manganese-bearing areas in Oriente Province, and the broader struc- 
tural relations of the region (Figs. 2 and 20) suggest the possibility that 
the manganese was derived from volcanic rocks of the Sierra Maestra, 
transported by artesian waters and deposited, together with silica, as 
masses of manganiferous jasper in joints, fissures, and cavities in the 
limestone and other rocks in the local anticlines of the basin, as well as 
along the beds of the more porous tuff. The jasper and bedded tuff in 
weathering may have contributed the manganese that is now found in 
the adjacent rocks and in the detrital deposits. 

Likewise, the manganese near Trinidad may have come from volcanic 
or other igneous rocks in the Sierra de Trinidad, structural conditions 
there being favorable for the flow of underground waters, toward the 
south coast. 


^ Hayes, Vaughan, and Spencer: Op. cit, 64-65. 
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Examination of Siliceous Ores by E. F. Bliss 

Thin sections of some of the typical ore associated with jasper and 
other siliceous rock were examined by Miss E. F. Bliss of the U. S. 
Geological Survey, who reports as follows: 

Specimen of Manganiferous Jasper, or Bayate, from Balkanes Opening, 
Ponupo Group— A. dark-colored rock consisting of an aggregate of 
brilliant steel-gray to black pyrolusite crystals associated with a reddish- 
brown ferruginous chert. Crystalline quartz cuts the pyrolusite in 
veins and irregular areas. The rock is full of small cavities lined with 
pyrolusite crystals. Under the microscope,' the rock is seen to consist of 
-an opaque brown ferruginous chert containing numerous small rounded 
areas of prismatic quartz that crystallize in a radiating aggregate, so that 
under crossed Nicols these quartz crystals show most beautiful spherulitic 
crosses. These spherulites are stained brownish yellow and in some cases 
show a concentric zonal structure, due apparently to changes in satura- 
tion of iron oxide at the time of crystallization of quartz. The whole 
rock is cut by veins and irregular replacement of crystalline quartz usually 
in a fine-grained mosaic. In the wider veins the center is filled by a 
coarsely crystalline aggregate of interlocking quartz. Scattered through- 
out the slide there are small areas of dark-colored manganese oxide, 
which can be distinguished from opaque brown chert by the fact that in 
incident light they are a steel gray while the iron oxide is reddish brown. 

It would appear that the rock was an original ferruginous chert in 
which a secondary crystallization has been established, thereby forming 
the spherulitic quartz aggregates at the expense of the original material. 
The relation of the quartz filling to the spherulitic crystallization is not 
perfectly definite; but in the majority of cases the quartz appears to 
cut the spherulites, eating into them and rendering their outline indis- 
tinct. That the quartz has replaced the original chert is evident from 
the fact that within the quartz vein are faint wavy brown lines, which 
lie on the border of the chert and are apparently contemporaneous with 
the formation of the chert. These lines, which indicate a depositional 
change in the original material, antedate the vein crystallization because 
the prismatic quartz crystals cut across the chert and the .spherulitic 
quartz appears to have been brought in by the siliceous water and 
deposited throughout the rock more or less at random. In the cases 
where the spherulites are the best preserved, the manganese is the least 
abundant, always forming a vein around the outer cherty border and 
never occurring in the center of the spherulites. Where the spherulites 
are more thoroughly impregnated by the secondary quartz, the man- 
ganese is quite abundant. In one case a quartz vein appears to be di- 
rectly continuous with a quartz spherulite as if the vein formation was 
contemporaneous with the spherulitic crystallization; but in the majority 
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of cases it would seem that the impregnation of the rock by siliceous water 
carrying manganese was secondary both to the chert and to the spherulitic 
quartz. 

Specimen of Manganiferous Bayate from Oviedo Claim, Costa Group . — 
An aggregate of beautifully radiating areas of soft glistening steel- 
gray pyrolusite apparently surrounds areas of brown chert; the rock is 
filled with considerable secondary crystalline quartz. One slide shows 
an area of opaque brown chert grading into an area of spherulitic quartz 
crystallization similar to the ore at Ponupo. The chert is abundantly 
replaced by black manganese oxide, which extends into the spherulitic 
quartz forming complete rings around each spherulite. Both chert and 
spherulites are cut by narrow veins of clear fine-grained quartz. The 
other slide shows, on one side, an opaque dark-colored area in which 
dark brown chert is almost completely replaced by a massive steel-gray 
to black manganese mineral. Adjoining this opaque area is a border of 
clear, fine-grained, radial, quartz crystallization in which manganese oxide 
forms cores and concentric rings. This fine-grained clear quartz grades 
into an area of brown cherty looking material containing minute grains 
of manganese oxide scattered throughout the mass. Under crossed 
Nicols, this opaque light brown area shows a beautiful spherulitic crys- 
tallization that is coarser grained than the adjoining clear quartz area 
but apparently is directly continuous with it. The manganese in both 
the clear and the opaque areas cut across the spherulitic crystallization. 

Specimen of Manganiferous Banded Chert from Manuel Claim. — A 
dark-colored rock of fairly high specific gravity showing a fine banding of 
black hard cherty material and steel-gray soft pyrolusite. Under the 
microscope, the rock appears to be an original ferruginous chert and cryp- 
tocrystalline spherulitic quartz associated with bands of granular quartz. 
The whole rock has been penetrated and replaced by a dense black man- 
ganese oxide that forms prismatic crystals. It cuts across the bands 
of granular quartz in fine stringers and appears to be the last material 
formed. 

Specimen of Manganiferous Siliceous Limestone from Camarondto . — 
This is a hard black rock of high specific gravity chiefly composed of 
psilomelane; thin section shows a brown chert similar to the ferruginous 
chert at Ponupo. The chert is thoroughly interpenetrated and replaced 
by a dark brown to black manganese mineral, which forms an intricate 
network throughout the rock; in some places, it is replaced by dense 
steel-gray to black aggregates. The interstices of the rocks are filled 
by crystalline calcite, which often shows sharp outlines against the chert 
and appears to be secondary to the chert. In some places the limestone 
encloses black needles of a manganese mineral which appear to have 
crystallized out with the calcite. It looks as if the manganese and calcite 
had been deposited together and are both secondary to the chert. 
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Miss Bliss summarizes her observations as follows: “The manganese 
is evidently a replacement of an original ferruginous chert or jasper. 
The chert has apparently undergone a secondary spherulitic crystalliza- 
tion, perhaps under the influence of impregnating siliceous waters. This 
spherulitic crystallization was accompanied and followed by a vein filling 
of quartz, which was doubtless the medium through which the manga- 
nese minerals were deposited.” 

Examinaiim of Clay by Larsen, Hewett, and t^tciyer 

An incomplete examination of the powder from some of the pifik clay 
and other ganguc material from a specimen of ore from Ihe Abundanoia 
mine was made under the microscope by E. S. Larson of the IJ. S. (loo- 
logical Survey, who comments as follows: “The dull pinkish bodies arc 
made up mostly of rather well-fonned to poorly formed crystals of kao- 
linite (?) with much zeolite and some calcito. Voinlots of zeolite are also 
present and are clearly later than the manganese oxide that thity cut. 
The zeolites aro analcite, hculanditc (?), laumontito (?), and probably 
others, and they make up much of the ganguo of the ore. Home parts of 
the specimen that look like the dull pinkish bodies but carry abumlant 
well-formed fresh crystals of zoned andesite feldspar, gi’cim augite, and 
brown hornblende aro an ordinary, fresh, sandy, andesitic! luff. It 
seems probable that this and<!sitic tuff represents remnants of the original 
bed and that the manganese ore and the zeolite! bodies have! replac'c'd it.” 

A little of this granular, pink, clay-like matcirial from which most of 
the black manganese oxide had been separatc!d was analyzed by ( k'orge 
Steiger with the following results: Insoluble in H(d, 58.39 p(!r cent..; 
(AlFe)208, 13.76 per cent.; (“aO, 3.60; MgO, 2.60; Mn, 5.79 per cent. 

A green and pink clay that occurs in streaks in thc! bedded deposits 
at the Laura mine possesses considerable absorptivi! powiir and, when' 
immersed in water, swells and then breaks down to a light, powder. Tlie 
residue from the washed powdt'r, examinf'd under the microscop<' by 
D. P. Hewett and E. B. lairson, was found to (!onfain about. fK) per cent, 
plagioclase in clear sharp grains. Home magn(!t.ite is also present. An 
analysis by George Steiger of the pink clay ahowe<l: BohibU' in IlGl, 
63.16 per cent.; (AlFe)sO«» 14.74 per cent.; Mn, 0.50 per (nmt.; GaO, 
3.40 per cent.; MgO, 4.00 per cent.; loss on ignition, 21.76 fM*r cent. 
The matarial is suggestive of volcanic ash and nweanbU's bentonite, 
the vokianic origin of which has bi'en Hugg<'Bh!d by Hewett* and by 
Wliorry.* 

* D. F. Hewett: Origin of Bontonite and Geologic Itango of lUflatcd MatorUk hi 
the Bighorn Basin, Wyoming. JvL Wash. Aoui. Hot. (Apr. 4, 1017) 7, lOft-lOB. 

• E. T. Whorry: Clay Derived from Volcanic I>u«t in the Pierra in Houth Dakotat 
Jrd. Wash. Acad. 8cl. (Nov. 11), 1917) 7, 676-m 
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Tlie evidence tliereforo pointy to a volcanic origin of tlieye bedded 
materials, probably to the deposition of the volcanic materials directly 
into shallow water; in some places these mingled with unconsolidated 
calcareous sediments, and in others they overlay limestone and other 
sedimentary beds already formed and in turn were overlain by other 
terrestrial sediments. 

Deposits in Orients Province 
Representative Mines and Prospects in District Near Santiago 

The deposits of manganese ore examined in the Santiago district com- 
prise the Ponupo group,' the Ysabelita, Botsford, Boston, Pilar, Dolores, 
Laura, San Andreas, Cauto (Abundancia), Llave, and Gloria mines, and 
the Caridad and Valle prospects. All these properties, except the two 
prospects, . were producing ore. A few small producing mines in the 



Fig. 3.^ — Saibanilla, Cuba, Dolores mine. Folded tuffageous sandy man- 

GANIFEROUS STRATA OVERLYING MABSEB OF JASPER. DrIFT IN POCKET OF MANGANESE 
ORE IN CREVICE IN JASPER. 

district were not visited. The Ponupo, Ysabelita, and Boston mines 
were opened many years ago and have produced a large quantity of ore. 
The Ponupo and Ysabelita are still relatively largo producers, though 
the grade of ore is not so high as in the earlier days. 

Dolores Mine.— The Dolores mine is situated at Laura station on 
the Guantanamo & Western Railroad about 1)4 (2.4 km.) west of 

Sabanilla and is opc^rated by the Campania Oriental do Minas, of Havana 
and Santiago de ( hiba. The manganese-ore deposits lie near the base of 
the soutb slt)pe of a g(Bi(,ly rising hill at a barometric altitude of l)otwecn 
425 and 475 ft. (129 and 144 m.) Masses of jasper are exposed in some 
of the uoner cuts, but the local rock is mainly a Jine-graiiied, gi’eenish., 
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thin bedded sandstone dipping about 25° toward the southeast, as shown 
in a prospect tunnel that extends 200 ft. (60 m.) N . 60° W . into the base 
of the hill. No manganese ore was encountered in this tunnel nor in 
the upraise that connected it with the surface 40 ft. (12 m.) above. A 
little higher, however, open pits disclose ruasses and boulders of Jasper 
partly replaced by rich manganese ore and mingled with lumps of man- 
ganese ore and clay. These jasper masses are overlain by stratified 



Fig. 4.— Sabanilua, Cuba. SMAtn FAtmr in sandy MANOANiriutoUK (inu.vi at 

Dolores mine. 

sandy tuffaccous beds carrying more or less uiangiinese oxide ns a. (a'lueni- 
ing material. These beds, although not very firm or britthf, have Ixam 
sharply folded and faulted, as is indicated in Tigs. 3 and 4. At a di.sta nee 
of about 3-^ mi. to the north another opening made by this company 
adjoins that of the Laura mine; there are also several olher (daims in tln^ 
vicinity on which manganese ore has been found. 'I'aki'n altogi'ther, 
there is still a fair tonnage of ore in reserve and more may be diseuv<‘re<l. 

The mine workings of the Dolores consist of a dozen or moi'o opim 
cuts and several tunnels, shafts, and test pits and are w(dl situatial with 
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respect to transportation. A washer with one 20-ft. (6-m.) log had been 
installed at the time of visit, with which it was planned to wash a consider- 
able stock of screened ore already on hand. The output of ore with a 
crew of 96 miners was repoiTed to be about 7 tons of high-grade ore (40 



Fig. 5. — Sabanilla, Cxjba, Laura mine. Jasper masses and boulders partly 

SURROUNDED BY MANGANESE OXIDES. 



Fig. 6. — ISabanilla, Cuba. Bedded mass of tuff and manganese ore at 

Laura mine. 


to 46 pelr cent, manganese), and about 39 tons of lower grade ore per day. 
Commercial analyses show the milling ore to carry from 26.5 to 31 per 
cent, manganese, 6 to 10 per cent, iron, and 27 to 32 per cent, insoluble. 
The ordinary shipping grade contains 38.5 to 39.75 per cent, manganese, 
5 to 6.7 per cent, iron, and 14 to 16.25 per cent, insoluble. The highest 
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grade ore coutaius about 47.5 per cent, manganese, 2.7 per cent, iron, and 
7 per cent insoluble. 

Laura Mine . — The Lamu mine of the Guantanamo Exploration Co. 
is situated about % mi. (1.2 km.) north of Laura station on the Guanta- 
namo & Western Railroad and about 1)/^ mi. northwest of Sabanilla 
station. The workings are situated on the brow of a hill at an altitude 
of about 600 ft. (182 m.) above sea level and about 250 ft. (76 m.) above 
the railroad level. The ore is mined from a large open cut which exposes, 
on the north side, masses and boulders of jasper partly replaced by manga- 
nese oxides and intermingled with clay and residual lumps and fragments 
of manganese ore; and on the south side, a bedded mass of tuffaceous 
material cemented by manganese oxide, constituting an ore of varying 
quality; see Figs. 5, 6 and 7. 



TWO ENDS OF THIS CUT. 

. Streaks of light-colored sand and of green and pink clay are promi- 
nent in the bedded material and, as stated on page 60, the clay seems 
to consist largely of volcanic ash. 

Debris of fine-grained white sandstone lies on the slope southwest 
of the open cut. The stratified mass of manganiferous ore, as blocked 
out, was about 30 ft. by 80 ft. by 16 ft. (9 by 24 by 4.5 m.) and was re- 
ported to average, in a natural state, about 19 per cent, of manganese 
in the upper part and 30 per cent, of manganese in the lower. Throe 
drifts had been driven down the dip of this mass of ore about 16 ft. in 
search of richer material. A stock pile containing about 1800 tons of 
ore, derived from cobbing the material aissociated with the Jasper, averag- 
ing about 38 per cent, manganese, 3.6 per cent, iron, 0.1 per cent, phos- 
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pliorus, and 15 per cent, silica, was ready for shipment in March, 1918. 
The presence of barium has also been noted in this ore. The greater 
part of the richer and cheaply available surface ore is considered to have 
been removed at this mine. 

Ponupo Group . — The mines of the Ponupo group are among the oldest 
and largest producers of manganese ore in Cuba, having made the first 
shipment in 1895. The present owners are Aguilera & Co., of Santiago 
de Cuba and New York City. These mines are situated about 18 mi. 
(28 km.) in an air line northeast of Santiago and about 2 mi. (3 km.) 
east of La Maya, the terminus of a branch' line of the Cuba Railroad. 
A mine railroad connects Ponupo with the Cuba Railroad at La Maya. 
The maximum local relief appears to be about 200 ft. (60 m.) and de- 



Fig. 8.— Ponupo, Cuba. Geneeau view of southwest hillside workings at 
Vencedora and Genbrala mines. 

posits of ore have been opened at nearly all altitudes from stream level to 
the top of the hill The general altitude above sea level, according to . 
barometric readings, is 525 to 725 ft. (160 to 220 m.). 

The Ponupo group consists of several openings distributed along an 
east and west bolt about % mi. wide and 2 mi. long. The principal 
openings are the Generala and the Vencedora, near the middle, the 
Balkanes and the Juanita at the west, and the Sultana at the east ends 
of the group. 

Thick bedded, slightly metamorphosed limestone is here overlain by 
greenish to yellowish thin-bedded calc^areous sandstone, interbedded 
with conglomc'.rate and andesitic tuff. The conglomerate contains 
bouldc^rs of limestone and of volcanic rocks including tuff, porphyritic 
basalt, basalt porphyry, and andesite porphyry. The andesitic tuff 
(‘.ontains abundant green glauconite or chlorite. Tlie eroded surface of 
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the limestone is overlain in places by loosely consolidated tuffaceous, 
more or less stratified sandy material, and the sandstone and conglomerate 
beds also are overlain in places with similar tuffaceous beds. These 
tuffaceous beds generally contain more or less manganese oxide as a 
cement, probably as a replacement, and in places enough of it to con- 
stitute a milling ore. Masses of siliceous rock, or jasper, usually man- 
ganiferous, are associated with both the limestone and the sandstone. 



Fio. fi. — PoNuro, OiritA. (JnNEUAnA mink, dekp pit in maniu.viwk-dkk 

BKTWKKN MASSES OP JA8PKK AND WMKHTONK. 

On account of its supi'rior resistance to weathering, the jaspm- gi-rn'rallv 
outcrops prominently and is often founil capping hills and l(>rra.<-es. 
Unsyminctrical anticlinal structure is shown here in n broad way, but 
locally Ibe roisk dijis arc very irregular. 

'rids mixed ore generally presents an irregular spta-klcd or granular 
appeanuKio, the granules ranging in size from mere specks uji to '.f in. 
(6 nun.) in diameter. In color, the granules vary from buff to pink and 
brown. The pink areas naturally suggest a manganese mineral, and 
similar material at another mine was suspected of containing rhodonite, 
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but the material is too soft and does not carry enough manganese. Under 
a field lens, clear glassy minerals, probably zeolites, can be seen in the 
pink areas. 

The three types of manganese-ore deposits and their several sub- 
ordinate varieties are well displayed at the Ponupo group of mines. 
At the Generala openings, manganiferous tuffaceous material fills^^solution 
cavities and crevices in limestone, in some places, to depths of 30 to 40 
ft. (9 to 12 m.), (see Fig. 10). At the Sultana opening, manganese 
oxides have replaced beds of agglomerate (?); see Fig. 12. This deposit 
is apparently a lens having a maximum thickness of about 20 ft. (6 m.), 
the upper half of which is reported to average about 34 per cent, in man^ 
ganese and the lower half about 42 per cent, manganese. At the Juanita 


w 



Fig. 10. — Section at Ponupo manganese mines. From Balkanes opening 

AT THE WEST TO VbNCEDORA OPENING AT THE EAST, SHOWING RELATIONS OP MANGAN- 
ESE-BEARING JASPER MASSES TO THE LIMESTONE ANI> GLAUCONITIC SANDSTONE, ALSO 
CAVITY IN LIMESTONE PXLTjED WITH TUPP CEMENTED BY MANGANESE OXIDE. 

opening, manganese has in spots replaced limestone. At the Balkanes 
opening, the ore is found associated with masses of jasper which are 
partly enclosed in massive, white to pink, medium-grained, algal lime- 
stone. The jasper may have replaced a portion of the limestone, but 
now stands out prominently due to the more rapid solution and weather- 
ing of the calcareous rock. The ore occurs in lumps and in earthy form 
in pockets and crevices in , the jasper. The ore here is not generally of 
high grade and some of it is ferruginous. The limestone contains man- 
ganese oxides in spots and in veinlets along fracture planes in abundance 
near the manganiferous jasper, but in smaller quantities farther from it. 
A thin section of this limestone was examined by J. A. Cushman, who 
reports as follows: ^^Limestone with few foraminifera, two species of 
Orthophragmina, Nummulites, Marginulina, or Cristellaria. [Other sec- 
tions I have seen from the Ponupo mine have shown conditions more like 
those of station 5 (Pilar mine) here reportedl.^^ At the Vencedora open- 
ings, manganese oxide partly replaces masses of jasper and also occurs in 
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lumps in residual clay in pockets between and adjacent to boulders of 
jasper. 

Ore is mined chiefly from open cuts at Ponupo. At the Vencedora 
workings, on top of the hill, some ground is being worked that was passed 
over in the early days when only the richest ore was taken. Old dumps 
also were being worked here in 1918. At the Generala openings, which 
are on the southwest slope of the same hill, are many openings in the 



.FlO. 11/’ oI^dNtl'PO, ("lUHA, CtrT IN BKI> Ul<' MANCJANKHH OUK, SulTAMA LnoKINCI 

N. <>5® W. ALONti FAChl OF CIPP, 

oul-(U’()j)»s of juHixT (shown in 8), most of whi(‘h art' now al>an(lono(i, 
hut most of tlio nxxvui ax^tivity has hixm toward the ha.s<^ oI tlie hill 
wher(‘ s(waa*aJ (ka^p pits have been mnk In hiHldixl and n^sidual (ki^osils, 
ri(di in manganese, which fill solution cavities in iiinesf<me \o depths ot 
80 to 4{) ft, (9 to 1 2 in.) ; mn Mg, 9, There are also some short drifts t-liat 
follow ri<9i pocdaUs of ore. The deposit at tiu* Sultana has betm op<me<l 
along its strike by an open cut 150 ft. long and about 80 it, <leep, and by 
drifts a.bout 80 ft. long down the low |hp of ih<? IhhU; scx’ Fig. 1 1. All 
the important workings are connected by muk‘ tramways and (%abl<‘ 
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inclines with n large double log washer where the low-grade ore is raised 
to SG-SS-per cent, manganese and dumped into railroad cars. 

The Ponupo group is the largest shipper of manganese ore in Cuba, 
from 3000 to 6000 tons a month having been shipped in the spring of 1918, 
the output being mainly taken by the Bethlehem Steel Co. Notwith- 
standing the past large production, there are evidently still available 
large reserves of low-grade ore that can be concentrated. 

Botsford Mine . — The Botsford mine is situated about 3 mi. (4 km.) 
east-northeast of Cristo, and about % mi. (1 km.) east of the Ysabelita 
mine. The workings are at an altitude of about 600 ft. (182 m.) above 



Fio. 12 . — Section at Sultana opening. Ponupo manganese mines, showing 

RELATIONS OB’ ORE BED TO ENCLOSING ROOKS. 

sea level and about 30 ft. (9 m.) above the nearest creek. In the spring 
of 1918, ore was hauled from here to the Cuba Railroad at Cristo in 
ox-carts and on mule back, over a road that was only in fair shape in the 
dry season. The Cornpania Mineral Bonanza, of Santiago de Cuba, 
operated the property at the time of visit. 

Locally the rocks consist of limestone interbedded with fine con- 
glomerate containing volcanic debris. The dips are variable toward 
the southwest. The ore at the Botsford mine is, in part, detrital and, in 
part, of the bedded type. The detrital deposit appears to have been 
derived from the weathered parts of the bedded deposit, A small fault 
is shown in one of the open cuts. A fine-grained conglomerate containing 
volcanic deliris is associated with the manganiferous bed, as exposed 
in open cuts on the flanks of the limestone capped hill. The detrital 
ore-beainng material exposed in a series of open cuts for a distance of about 
200 ft. (60 m.) shows an average thickness of about 6 ft. (1.8- m.), ^It 
is coarse-grained and contains much granular pink, clay-like material, 
and other debris from andesite tuff and is mostly too low grade for ship- 
ment without concentration. The bedded, or tabular mass of ore, 
also contains grains of tuffaceous material and evidently represents a 
1)0(1 of tuff now in largo part, replaced by manganese oxide. It is 1 ft. 
to 234 fh thi(‘.k, a,nd follows the bedding of the limestone, which dips 
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about 35° S. 18° W. An incline driven down tlie dip for a distance of 
about 40 ft. was still in ore, and drifts turned off at the right and left 
indicate that the deposit extends at least 20 ft. on the strike of the beds. 
The ore in this mass is much richer than that mined from the open cut 
and is reported to carry about 42 per cent, manganese. Water is en- 
countered at a depth of about 20 ft., but the manganese oxides continue 
in depth so far as explored. 

The low-grade ore at the Botsford was being washed by raking it oyer 
a horizontal screen in a stream of water. About 8 tons a day was being 
made at this mine and there is still a small reserve of ore in sight. 

Ysabelita Mine.-— The Ysabelita mine, operated by Aguilera & Co., 
is situated about 2 mi. (3.2 km.) N. 80° E. of Cristo station. Ihe mine 



Fig. 13. — TiniEK Minus east of Cristo, Cura. Ymaiikcita maxgankke mink, 
CUT NHAB TOP OF HICU SHOWING FOUDBD (?) BEDS OF OLAUCONITIC AND TI'FFACHOKS 

SAND IMWIEQNATND WITH MANOANDSE MINEEAIjS, XoWAHD To'P BOUHDKUH OF .lAHPhU 

abb incwxded, Cebtain ebd bands of oxmrmj) Qhhvvo^vvw hand abk bauufn 
or MANGANESE OXIDK, 


opeuiugs *u‘o oil Uu^ top a nd slopi'sol hill t luit npproxiniati^hv JOOH. 
(00 m.) above the local drainage level, or from about 550 to 750 ft . ( 1 07 to 
228 m.) altitude. Outcropping ledges of jn.sper constitute the prirndpal 
exposures of rock on this hill, the sedimentary beds being so <l(>eomii<i.sed 
as to afford almost no outcrops. The. ore consists of mangan(‘se oxiiles 
that have replaced the jaspw’, of residual lumps and earthy material in 
clay between boulders of jasper, and of loosely coii.soliduted sandy, 
tuffacoous, or hrecauated material that is found in places on Ihe uneven 
■surface of the ja-sper at various points on the hill slope from Itasi* to 
summit; see Fig. 13. I'hc tleposits at this mine are very similar to t hosi' 
of the Vencedora and those of the Generala on the slot>e bidow the 
V%teedor:i at Ponupo, except that possibly then' is more of thi* buff' to 
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pink granular beddexl type of ore present. Most of this ore is rather 
low in grade, at one pit carrying only about 30 per cent, of manganese, 
but it is concentrated in log washers so as to carry 36 to 38 per cent, 
of manganese. The dips of the jasper masses exposed on this hill and 
those of loosely consolidated granular manganiferous beds are so variable 
that but little indication is afforded as to whether or not the structure 
is anticlinal. 

Many openings have been made on this property, which is one of the 
oldest mines in the district, and much ore has been removed, but there is 
still considerable low-grade ore available. The mine openings are 
connected by tramways with a cable incline which moves the ore down 
to the washer. Prior to July 1, 1918, ore was being hauled by wagon or 
packed on mules to the railroad at Cristo, but in the summer of 1918 a 
narrow-gage track was completed to these mines, which has greatly 
facilitated the shipment of ore and increased the production. 



B'ig. 14 .— Tiuuok miles southeast op Cbisto, Cuba. Boston mine, long open 
cut; glauconitic manganiferous beds to right and jasper to left, 

Bodon Minc.—The Boston mine, operated by Santiago parties, is 
situated about 2.5 mi. (4 km.) S. 75° E. of Cristo and about 1 mi, S. 15° E. 
from the Ysabelita mine, the two mines being separated by Guaninicum 
River. I his mine is also situated on a hill, the rocks of which are ap- 
liarontly anticlinal in structure. The manganese-ore deposits at the 
Boston are between 600 and 750 ft, (182 and 228 m.) above sea level 
and from 100 to 250 ft. (30 to 76 m.) above the level of the river. 

Outcrops of crystalline limestone were noted on the hill slope below the 
main manganese workings, but higher than some deep prospect pits in 
which manganese had been found* The principal working is an open 
cut a})<)ut 300 ft. (91 m.) long, which discloses manganese ore in masses 
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and pockets associated with glauconitic (?) sand and tufiaceous doljris 
deposited between boulders and ledges of jasper; see Fig. 14. The ore 
here, apparently, is principally detrital although the presence of some 
stratification was noticed. The deposit gives promise of considerable 
production, if worked with care. 

At the time of visit, a hoisting engine and an incline were being in- 
stalled and a log washer was nearly completed. Mining was active here 
many years ago but work had only recently been resumed, since which 
time 500 tons of hand-cobbed and dry-screened product were reported 
to have been shipped. Many years ago a railroad was built from the 
Boston mine to Cristo and several thousand tons of ore were shipped. 
Later the railroad was torn up; and in the spring of 1918 ore hadl to be 
hauled in carts or carried on mules to Cristo. There seemed a possibility, 
however, that arrangements might be made for connections with the 
nan'ow-gage railroad running from Cristo to the Ysabelita mine, in which 
case a larger output would be possible. . 

Pilar Mine.—Uhe Pilar mine, operated by Aguilera & Co., adjoins the 
Boston property on the east. The openings are near the top of the hill 
at an altitude of nearly 800 ft. (243 m.). Boulders of jasper and irregu- 
lar masses of crystalline, pink to white foraminiferal limestone , in places 
showing green bands, are exposed in the mine workings. There is also 
considerable powdery white clay pi'esent in streaks and masses, probably 
residual from the decomposition of crystals of feldspar in the limos1.one. 

Thin sections of this limestone have been examined by Miss 10. F. 
Bliss and E. S. Larsen. Miss Bliss reports as follows: “A medium- 
grained pink limestone showing small white crystals of which some are 
calcite and some feldspar. The rock is filled with grains of a grenm 
chloritic mineral. In thin section, it is seen to be composed of micro- 
scopic organisms, chiefly a small foraminifer. * * * The organisms arc^ 
frequently surrounded by a narrow rim of calcite or a gw^en chl()rif,i(t 
mineral. The spaces between the individuals are filled with small anguhir 
fragments of quartz-feldspar, or fragments of a volcanic rock containing 
feldspar laths in a dark-colored ghvssy ground-mass. It appears that 
particles of volcanic material have boon blown into an aggn'gate of fora- 
miniferal organisms and later cemented into i)Iaco by the action of (!alcit.(^ 
and a green mineral probably chlorite. Some iron oxi<le and a snnill 
amount of dense, black mineral, probably manganese oxide, have been (1(>- 
positod along with the filling material of the rock.” A thin soclion of 
this limestone was examined by J. A. Cushman, who reports as follows ; 
“Limestone almost entirely composed of species of ()rthophragniin(t, 
mostly of one species. Also has sections of Nummulites and Linde, Hwi ( ? ) 
but these comparatively rare. This is an Eocene assemblage and the 
great abundance of the Ortlwplimginim indicates that, tlu' deposit was 
formed in water of but a few fathoms depth.” 
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E. S. Laracn inakos the following comment on the section of this rock: 

Mostly calcareous remains of some organism, but between these remains 
are a few grains of plagioclase, quartz, andesitic rock, and zeolite. It is 
probable that a small amount of volcanic sand was dropped from the air, 
by explosive volcanic activity, into the water in which the organisms lived.’' 

The’ manganese ore occurs in lumps and boulders, in layers of clayey 
ground 6 to 15 ft. (1.8 to 4.5 m.) deep, and in large pockets among the 
boulders of jasper and the masses of limestone. The workings consist 
of three pits 40 to 80 ft. (12 to 24 m.) long on the eastern slope near the 
top of the hill. At the time of visit, about 10 per cent, of the total mate- 
rial removed was ore carrying 40 per cent, or more of manganese; about 
30 per cent, is wash ore. Where prospected, the property is reported 
to have shown encouraging deposits of ore and a log washer had been 
ordered. It was expected that this mine would be connected with the 
narrow-gage railroad between Cristo and the Ysabelita mine, and the 
prospects for ore tonnage seemed to justify this additional outlay provided 
the market for ore remained satisfactory. 

San Andreas Mine . — The San Andreas mine is situated about 2 mi. 
(3 km.) northeast of the station of Jutinicum on the Guantanamo & 
Western Railroad. This mine was operated, at the time of visit, by the 
Compania Minor Jutinicum of Havana but is reported to have changed 
hands since then. It consisted of a group of seven or eight claims, com- 
prising in all about 250 ha., which had not been fully explored. The 
workings consisted of five or six openings on the north side of a hill 
at an altitude of 600 to 650 ft. (182 to 198 m.). On the south slope 
of the hill, glauconitic and calcareous sandstone beds are exposed in long 
dip slopes; and on the north and northeast slopes, there are outcrops of 
jasper and artificial exposures of bedded manganiferous tuffaceous sand. 
At the top of the hill, 100 ft. higher than the bedded deposits, are residual 
masses of jasper containing seams and pockets of rich manganese oxide 
replacing the jasper. A great deal of float manganese ore is exposed on 
the north slope of this hill and many prospect pits show ore associated 
with boulders and lodges of jasper and disKseminated in specks, nodules, 
and solid seams in sandy strata; there is also some rich ore in the residual 
soil and clay. 

Surface work had not proceeded very far at the time of visit but crude 
methods of dry screening were yielding a product carrying about 42 per 
cent, of manganese. About 500 tons of ore had been carted from here to 
the station at Jutinicum, but large-scale operations will require a log 
washer or other concentrator, for which purpose water will have to be 
pumped 1 to 2 mi. (1.6 to 3.2 km.), depending on the quantity required. 
About 4 tons of ore a day were being produced here at the time of visit, 
with a forces of 34 men. The evidence of ore at the surface and in pros- 
pects indicates that an important tonnage may be found in this locality. 
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Abundancia Mine . — The Abundancia (Cauto) mine is situated at 
Manganese station on the Cuba Railroad between San Luis and Palma- 
rito, and is operated by the Cauto Mining Co. of Santiago de Cuba, and 
New York City. It is situated on a terrace about 60 ft. (18 m.) above 
Guaninicum River a few miles above its junction with Cauto River. 
The rocks exposed are yellowish, calcareous glauconitic sandstones, 
enclosing a large lens of manganese ore, see Fig. 15, which attains a 
thickness of 35 to 40 ft. (10 to 12 m.) as exposed in two open cuts. The 
beds dip 30° to 40° southwest. The ore-bearing material consists 
chiefly of manganite and psilomelane intimately mixed with grains and 
streaks of a pink clay-like material, soft enough to be scratched by the 
finger nail, and fragments of tuff. A little secondary calcite is present. 
The pink mineral was considered by the operators of the mine to be rho- 
donite, or manganese metasilicate (MnOSiOa), and was being largely 
saved in the concentrates. A microscopic examination of the pink 
material by E. S. Larsen indicates that it is chiefly kaolinite or a related 
clay containing clear grains of zeohtic minerals. A chemical analysis 
of the pink clay-like material from which most of the black oxide of 
manganese had been picked showed only 5.79 per cent, of manganese, 
while a fairly representative piece of the mixed black and pink ore con- 
tained 30.23 per cent, of manganese. This pink mineral is also common 
at many other mines, such as the Ponupo, Laura, and Charco Redondo. 
The ore-bearing lens shows stratification, which suggests that it was 
originally deposited as a tuff in water. The manganese oxides have 
probably replaced certain of the original minerals in the bed and hav<^ 
formed a cement in the interstices. The limit of the deposit down the 
dip is not indicated in the open cuts, but on account of its bedded charac- 
ter it may extend as far as it does along the strike, which would indicate 
large tonnage. In its natural state, the ore is reported to average about 
34 per cent, of manganese, and to contain a few per cent, of barivmi. 

The ore-bearing beds outcrop at the surface and have been opened for 
a distance of 750 ft. (228 m.) on the strike by two pits connected by a 
tunnel and a drift is driven some distance beyond the southeast pit ; see 
Figs. 15 and 16. The pits are about 50 ft. (15 m.) wide and 30 ft. (9 m. ) 
deep and are equipped with tramways and a cable incline to convey the 
ore to the mill nearby; see Fig. 17. The ore is concentrated by crushing, 
wet screening, and jigging, which was reported to bring the shipping 
product up to between 40 and 47 per cent, of manganese with the tailings 
carrying 18 per cent, of manganese. The concentration ratio was about 
4 to 1. Most of the loss in the tailings was in material passing 1 6-mesh 
screens, so it was planned to further concentrate this material on tables. 
If improvements in concentration can be effected so as to save more of 
the tailings, it ought to be possible to make this mine one of the steady 
producers of manganese ore even after the return of normal conditiouM. 
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The main mine and mill of the Canto Mining Co. are situated directly 
on the railroad and there is abundant water available for milling purposes. 

About 13 ^^ mi. (2.4 km.) east of Manganese, along the crest of a ridge, 
residual deposits of manganese ore in clay and boulders of jasper have 




Fig. 16 .— Manganeso, Ctjba. Cauto Mining Co., tunnel extending nobth- 

WEST EBOM OPEN CUT, ON STBIKE OE MANGANESB-OEE LENS. , 

been opened by the Cauto Mining Co. Some of this ore is said to average 
more than 45 per cent, of manganese. 

Llave Mine . — The Llave mine of the Campania Mineral Bonanza is 
situated about mi. (2.4 km.) northeast of Manganese station and 


Fig. 15. — Manganeso, Cuba. Cauto Mining Co., dbift southeast from open 

CUT, SHOWS, WEDGING OUT OP ORE-BEARING LENS AT LEFT ABOVE TUNNEL. 
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al>out ^ mi. from the Cuba Ilailroacl. The deposit lies on tlie slope of 
a hill that is part of the ridge on which the Canto Mining Co. has opened 
Its manganese-ore deposit in jasper, or bayate, rock east of the railroad. 
The ore is found from 25 to 150 ft. (7 to 45 m.) above the local drainage. 
The local rocks are limestone, shaly to thin bedded yellowish sandstone, 
and irregular masses of jasper associated with both. The manganese ore 
is principally associated with the jasper and limestone and is found in 
lumps and fragments in pockets in residual clay between masses and 
boulders of jasper, and in cavities in the surface of the limestone. ^ The 
latter type is sandy bedded material, probably a water-laid deposit de- 
rived from a tuffaceous bed formerly inclosed in the limestone. 



Fig. 17 .— Manganeso, Cuba. Cauto Mining Co., manganese-orb concentrat- 
ing MILL. 

Ore was being mined here from several shallow open pits and trenches 
in the hillside, which had only recently been partly cleared of timber. 
A single log washer was employed and it was reported that tlu^ washed 
ore averaged about 40 per cent, manganese. A small tonnage ol ore had 
been indicated by test pits over an area of 10 acres (4 ha.), and shipmenliS 
of about 1300 tons were reported to have boim made to Mar. I, 1918. 
This mine has the advantage of a road with a rock bottom, practJcally 
down grade to the railroad, so that shipments should be possible (wen in 
the rainy season. 

Gloria Mwe.— -The Gloria mine, at the time of the visit, was 0 })<u-a(,(ul 
by Capt. W. F. Smith of Havana. It is situated about 7j,^ mi. (12 km.) 
northeast of the Cuba Hailroad station of Palmai'ito ; sei'. Fig. 18. This 
property occupies moderately sloping ground in the foothills at the south 
end of the Sierra de Nipe, at an altitude of 500 to 000 ft. (152 to 182 m.). 
The rock underlying the hill slope is medium-graiiuHl, hciivy-beddifd, 
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glauconitic limestone, inucli pitted by solution; on the top of the hill 
covered by the property is a thin bedded chalky limestone. There is a 
little chert in places, residual from the lower limestone. The rocks dip 
gently about S. 20° W. 



Fig. 18 . — Eight miles northeast of Palmarito, Cuba. Open cuts and dumps 
AT La Gloria mine, from south. Shows recently cleared surface of ore- 
bearing ground. 



Pig. 19 .— Eight miliss northeast of Palmarito, Cuba, at Gloria mine 
Glauconitic limestone beds showing solution cavities in which manganese 

ORE OCCURS. 


The manganese ore occurs here as detrital material with clay in the 
solution cavities and channels between masses of glauconitic limestone, 
and as si/ra,tificd sandy tuffaceous deposits on the uneven surface of the 
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limestone. One of these bedded deposits is near the top of the hill. It 
is 4 to 8 ft. (1.2 to 2.4 m.) thick, lies unconformably on the old limestone 
surface, and is overlain by several feet of thin bedded limestone that 
weathers chalky. The cavities in the lower limestone range from a few 
feet to more than 10 ft. in width and depth and a considerable tonnage 
of high-grade manganese ore has been obtained from them; see Fig. 19. 
The manganese oxides they contain may have been derived from the 
higher tuffaceous sandy beds through settling of material into caves in 
the limestone as they were formed below the surface, and the manganese 
content has probably been increased by deposition from surface waters. 
The masses of limestone adjacent to the pockets of rich ore-bearing clay 
have been noticeably impregnated, in places, with manganese oxides, but 
not richly enough to constitute an ore. 

A thin section of this limestone was examined by J. A. Cushman, who 
reports as follows: “Limestone with a varied foraminiferal fauna, all 
apparently specifically different from station 5 (Pilar mine). Numerous 
specimens of two or more species of Orihophragmina, at least two of N urn- 
muliteSj Carpenteria, Glohigerina, and Marginulina (?). 

“A slightly deeper water condition is indicated than by the pre- 
ceding station (Pilar mine) but no considerable difference. There is 
on the other hand enough difference indicated either in time or ecologic 
conditions to give an entirely different facies. 

The upper stratified bed of sandy manganiferous material has boon 
opened along the strike for a distance of 250 ft. (76 m.) and it has been 
prospected by a drift on the dip for 12 ft. (3.6 m.). This material is 
reported to carry about 30 per cent, of manganese in the natural state and 
would therefore require washing and jigging. If this were practicable, 
it might be stripped and worked as an open cut. Water, however, is not 
abundant here. Much of the detrital ore from the pockets in the lime- 
stone is of high grade and is reported to carry about 55 per cent, manga- 
nese; a considerable amount of such ore has been screened, hand-sorted, 
and sold as chemical ore. 

The workings occupy an area of about 600 by 1000 ft. (182 by 304 ni ) 
which apparently has been about three-fourths worked over. About 20 
tons a day of high-grade ore were being produced in the spring of 1918. 
Since the property was visited, it is reported that a new and better wagon 
road has been built to a sugar plantation railroad about distant. 

Production and Ore Reserves . — The production of manganese ore about 
the middle of March, 1918, in the Santiago district was between 280 and 
300 tons a day. The output was curtailed in the rainy season, which 
begins about the first of June, especially that from the smaller mines, 
which are dependent on ox-cart haulage, but the curtailment was more 
than offset by the increase in shipments after the railroad from Cristo to 
the Ysabelita mine was opened. The approximate average composition: of 
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a large proportion of the ore recently shipped for metallurgical use is as 
follows; Manganese, 38.885 per cent.; silica, 12.135 per cent.; phosphorus, 
0.084 per cent.; moisture, 11.201 per cent. 

As each deposit of manganese ore was examined, an estimate was 
made of its probable reserve ore tonnage and of its probable production 
of ore, by grades, during the years 1918 and 1919, provided the war-time 
demand for ore should continue and the unusual handicaps to production 
and transportation of ore could be overcome. With the estimate of prob- 
able production there is now no concern, but it should be stated that 
the manganese-ore producers of Cuba were prepared to fulfill even more 
than was expected of them and were, up to the signing of the armistice, 
in a fair way toward realization of the goal set for 1918 even though 
unduly handicapped. 

In regard to the reserve-ore tonnage there is a certain interest in 
connection with the question of world distribution of this important 
steel-alloy metal, although until conditions adjust themselves once more 
there may be little demand for manganese ore from Cuba. In estimating 
ore reserves in a period of strong demand, some ore that would be worth 
recovering under such conditions, but not under normal conditions, is apt 
to be included if the estimates are made on a liberal basis. The present 
estimates of reserves are, however, believed to have been made on the 
basis of normal mining and milling practice. The nature of the man- 
ganese-ore deposits in Cuba is not such as to render the deposits suscep- 
tible to accurate quantitative estimation. In few instances are there 
sufficient geologic or mining data available to enable one to block out 
a definite and certain tonnage of ore, so that the estimates do not deal 
with certainties. On the other hand, they do not go so far as to include 
as much ore as is speculatively possible under the indicated conditions. 
In making the estimates by individual deposits, therefore, the probable 
ore, rather than the ore in sight or the possible ore, has been taken as 
the basis of the estimate and practically all of it has been figured on the 
basis of metallurgical grade, that is, ore containing 36 per cent, or more 
of manganese. This necessarily involves the recovery and concentra- 
tion of considerable ore of lower grade. 

In making estimates such as these the nature of the deposit and the 
history of its mining development and production furnished much in- 
formation for guidance. Spencer,^ who examined these deposits in 
1901, giving consideration to the mode of occurrence of the deposits and 
the records of the industry to that date, believed that the total available 
high-grade ore- in any one deposit could not be expected to greatly ex- 
ceed 100,000 tons. So far as individual mines are concerned, it is doubt- 

’ Report on a Geological Reconnaissance of Cuba. tJ. S. Geol, Survey BulL 213, 
265. 
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ful if any one of them has yet produced more than that quantity of high- 
grade ore, although it would appear that the output of at least one of 
them must have approached that quantity, when it is considered that 
prior to the European war the total output from Cuba, which came mainly 
from a few mines, had amounted to nearly 300,000 tons of high-grade 
ore. With these accomplishments in view, however, it still seems prob- 
able that much more than 100,000 tons of ore (including concentrates) 
are available in certain of the well-known deposits. 

Details by mining properties of estimated tonnages cannot, of course, 
be given. The total probable reserves of merchantable manganese ore 
of metallurgical grade, in the district near Santiago are estimated as be- 
tween 600,000 and 700,000 long tons. 

Representative Mines and Prospects in District South of Bayanio 

The manganese deposits that were examined in the district south of 
Bayamo consist of the Manuel, the Costa group (Costa, Carbayon, Daniel, 
Oviedo, Vicente, and other claims), 18 to 23 mi. (28 to 37 km.) by wagon 
road southwest of Bayamo; the Francisco and Cadiz, 15 to 20 mi. (24 
to 32 km.) southeast of Bayamo; the Guisa, Llego, and Charco Red- 
ondo, 7 or 8 mi. (11 or 12 km.) southeast of Santa Rita; and the Adriana 


SIERRA 

MACSTRA 



Fi<j. 20. — Section in Orienxe Province from Caribbean Sea to Bayamo. 
Lbnoth 35 miles; vertical scale exaggerated. 1, Intrceives; 2, Volcanic 
FLOWS AND tuffs; 3, Limestone beds with intercalated agglomerate and tuff 

BEDS. 

and San Antonio mines, 9 to 10 mi. (14 to 16 km.) south of Baire, Other 
deposits, farther southeast, are in what is known as the Los Negros dis- 
trict. All the deposits named are in the northern foothills of the 
Sierra Maestra; see Pig. 20. 

The ores at the west end of the district, in the Manuel and Costa 
groups, occur chiefly in irregular masses of “jasper" or “bayate" associ- 
ated with latite-porphyry, and those of the other properties farther east 
are associated chiefly with limestone and comprise bedded and residual 
deposits. 

Costa Croup.— Th.6 Costa group of manganese-ore claims consisting 
of the Costa, Carbayon, Barrabeitj, "Vicente, Oviedo, and Daniel are 
situated about 15 mi. (24 km.) in a direct line S. 20° W. of Bayamo, and 
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6 to 8 mi. (9 to 12 kin.) a little east of south of Bueycito. With the excep- 
tion of the Daniel, all the claims are on the northeast or right-hand side 
of Buey River. This group of claims was being prospected in the spring 
of 1918 by the Sun Development Co,, of Philadelphia, and Trumbo 
Brothers, of Havana. The country rock in this locality is of igneous 
origin and consists of tuff, agglomerate, and latite, with latite-phonolite 
and latite-porphyry phases. Limestone is reported also to occur here. 
Masses of jasper, locally known as bayate, are associated with these 
igneous rocks much as they are with limestone and sandstone northeast 
of Santiago. There are also remnants of stratified tuffaceous, sandy 
deposits, more or less cemented by manganese oxides, overlying the 
igneous rocks. 



The Costa claim, which covers 209 ha., lies along an east-west ridge 
north of Buey River, the manganese-ore deposits having been found 
chiefly along the summit and down the south slope, at altitudes from 
600 to 800 ft* (182 to 243 m.). Along the summit of the ridge there are 
many small knobs capped by jasper; six of these have been found to carry 
manganese ore replacing the jasper. Float boulders of jasper more or less 
replaced by manganese ore are thickly distributed at one place on the 
south slope of the ridge. Some of these boulders, the exterior of which 
was almost wholly of manganese oxide, are 4 to 6 ft. (1.2 to 1.8 m.) 
in diameter; see Fig. 21 . Associated with the jasper replacement deposits 
are masses, of lean granular ore that may have resulted from cementa- 
tion l)y iuangaiu'.S(^ oxide of grains of feldspar from disintegrated 
porphyrilic beds. 


. — r IFTEEN MILKS SOtlTH-SOUTHWEST OF BaYAMO, CxJBA. MaNGANBSE-ORE 
' BOULDERS ON BuEY EiVER SLOPE, CoSTA CLAIM. 


Fig, 21 


82 


MANGANESE-ORE DEPOSITS IN CUBA 


Much prospecting has been done on the Costa claim with encouraging 
results, but no ore had been shipped up to April, 1918. Most of the pros- 
pecting had been done by sinking test pits and cutting trenches, but 
a number of drill holes had been sunk along the summit and on the north 
slope of the ridge through surface soil and rock debris to depths of 8 
to 13 ft. (2.4 to 3.9 m.); it was reported that many of these holes had 
reached manganese ore at the bottom. Most of the ore disclosed is of 
high grade but a small proportion will need concentration. The Buey 
River, which carries a never-failing supply of water, is reported to affoi d 
water-power possibilities. 

Some actual mining of manganese ore was in progress on the Car- 
bayon claim of 20 ha., about mi. (0.8 km.) east of the Costa. Heie a 
mass of jasper on a hill sloping eastward to Arroyo Macanocu has been 
cleared over an area about 100 ft. by 150 ft. (30 by 45 m.) and of this 



Fig. 22. — Fifteen miles south-southwest of Bayamo, Cuba. ()pen-out 

MANGANESE MINE, CaRBAYON CLAIM. ShOWS MASSES OF BAYATK OB JAHPEH SUR- 
ROUNDEI) BY MANGANESE QBE. MlNEBS ARE HANB-COBBING ORE. 

an area about 50 ft. square had been partly worked over by bri^aking up 
boulders of jasper and hand cobbing lump ore; see Fig. 22. Shipments 
of high-grade ore for chemical purposes were being made by pack mules 
in the spring of 1918. 

Promising prospects were noted also on the Vicente and Oviedo 
claims, in which the ore replaced jasper, or bayate. This area is pracitically 
virgin ground and the quality of the available ore has not yet been lowered 
by mining. The natural tendency in mining will be to take the cream of 
the deposits jSirst, which will of course make it more difFiciilt to n^eovvr 
ore of lesser value. 
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Transportation of the ore to the railroad offers the most serious prob- 
lem affecting developments. In July, 1918, ore was being shipped in 
bags by pack mule 10 mi. (16 km.) to a highway, over which it was 
carried by motor truck 13 mi. to the raihoad at Bayamo. In the rainy 
season this highway became practically impassable for anything but 
ox-carts so that the movement of ore was further handicapped. 


Table 1. — Analyses of Manganese Ore from Costa Group of Claims 



1 

2 

3 

4 

5 


7 


Mn 

i 

! 58.40 

37.40 

53.40 ' 

i ■ 

1 

! 


1 


Fe 

! 1.03 

3.98 

0.40 ^ 

! 0.29 

0.24 




SiOa 

i 1.43 

18.10 

11.20 ' 



14.16 

7.20 

• 10.15 

P 

1 0.081 

0.040 

0.031' 

! 

0.031 

0.04 

0.057 

Cu 



0.008| 

I 0.021 

0.032 




Mn02 


i 

1 

81.03 

; 1 

86.54 

89.7 

63.68* 

61.28* 

64.28* 


* These percentages were shown in the original report as manganese, which is 
obviously impossible. 


The analyses given in Table 1 were furnished by Howard Trumbo of 
Havana. They were made as follows: 

1, Carbayon claim, analysis by Cambria Steel Co., Johnstown, Pa.; 
2, Costa claim, milling ore, analysis by Cambria Steel Co., Johnstown, 
Pa.; 3, Carbayon claim, analysis by Ricketts & Co., New York City; 

4, Carbayon claim, analysis by Manhattan Electrical Supply Co.; 

5, Carbayon claim, analysis by Manhattan Electrical Supply Co.; 

6, Costa claim, average from seven pits, authority W. M. . Courtis; 

7, Oviedo claim, average from two pits, authority W. M. Courtis; 

8, Daniel claim, authority W. M. Courtis. 

Manuel Mine . — The Manuel mine is situated about 15 mi. (24 km.) 
in a direct line S. 20° W. of Bayamo and 5 mi. south of Bueycito. At 
the time of visit this mine was operated by A. L. Colby, of Havana. 
The claim, which comprises 82 ha., lies on the top and slopes of a hill 
that forms the western terminus of the ridge northeast of Buey River and 
it adjoins the Costa claim on the west. The rocks exposed on this claim 
are similar to those noted at the Costa group, latite-porphyry being 
characteristic of much of the material. The manganese deposits are 
found partly replacing jasper and as lumps and boulders in clay at the 
foot and on slopes of the hill, and also in a deposit of granular stratified 
material, in which fibrous crystalline manganese oxide is the principal 
cementing substance. Minerals characteristic of the latite-porphyry 
may be recognized in this deposit, and some hand specimens from it 
suggest partial replacement of the porphyry by manganese oxide; but 
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taken as a whole tlio appearance of the inateriai suggests a water-laid 
deposit. Such ore as this should constitute good milling ore, and a de- 
posit of it in a depression on the top of the ridge has been opened by a 
cut 40 ft. (12 m.) long, 10 ft. (3 m.) wide, and 15 ft. (4.5 m.) deep. This 
deposit is not large enough, however, to warrant installation of a washing 
plant. Several hundred tons of ore, derived chiefly by cobbing from 
lumps and boulders in clay on the west slope of the hill, had been shipped 
in the spring of 1918, but the output is certain to be limited until better 
transportation facilities are afforded. Conditions in this respect are 
similar to those of the Costa group aheady described. 

Frandsco Mine . — The Francisco mine, operated by Messrs. Thomas 
& Hanover, of Bayamo, is situated about 13 mi. (20 km.) S. 25° E. of 
Bayamo, on the left bank of Boca de Guama River about mi. above its 
confluence with Bayamo River. The mine is about halfway up a steep 
bluff at a height of about 60 ft. (18 m.) above the river and at an altitude 
of about 600 ft. (182 m.). The river here flows in a gorge cut through 
thick bedded crystalline limestone. The rocks exposed in this locality 
are sandstone, shale, and limestone that have been much disturbed by 
folding and faulting. The manganese ore occurs as a replacement of 
massive and brecciated limestone beds. The beds arc nearly vertical and 
strike a little west of north. The replacement is irregular and incom- 
plete, but in places has proceeded entirely across certain beds. I ho 
manganiferous zone, as exposed in the open cut, is about 40 ft. (12 m.) 
in its vertical dimension and has been opened about 75 ft. (22 m.) from 
northwest to southeast and about 20 ft. (6 m.) across the beds in the 
middle where the quarry is the widest. The distance beyond the quarry 
face to which the manganese deposition has reached has not been d<d/er- 
mined. The ore is compact and much of it has to be shot down in lumps, 
as in quarrying, but its component minerals are not very hard and appear 
to consist largely of pyrolusite and manganite; but even where replace- 
ment has apparently been thorough the ore is (uxlcareous. The analyses 
given in Table 2 were furnished by Howard Triimbo. Analysis 1 was 
made by the National Carbon Co., Brooklyn, N. Y., and analysis 2 by 
A. J. Trumbo, Bueycito, Cuba. 


Table 2. — Analyses of Manganese Ore from Francisco Mine 

i ■' 2 


Mu 02 (equivalent in Mn, 53.30 per cent.) 84.4 

Pe 0.77 2.05 

Cu 0.0 0.1 1 

N (as nitrates) 0.0 

CaCOa 
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The Trancisco deposit is worked as an open cut and the product is 
lowered by bucket and cable to a small wharf on the river bank, from 
which it is loaded on a motor truck and trailer, which stand in about 
18 in. (45 cm.) of water. The distance to Bayamo is about 16 mi. 
(25 km.) and it is necessary to ford Bayamo river several times on the 
way. The transportation of ore is therefore not possible in' seasons 
of high water. Other deposits of manganese ore of similar nature are 
reported to occrr in this vicinity. 

Cadiz Mine . — The Cadiz mine, controlled by J. E. Barlow, of Havana, 
is situated about 15 mi. (24 km.) S. 30° E. of Bayamo and 2)^ mi. east 
of Guama. The deposits are situated at an altitude of about 1250 ft. 
(381 m.) on a high ridge about 100 yd. (91 m.) from a precipice overlook- 
ing Rio Giesa. The country rock here is massive gray limestone of the 
upper Eocene age. A thin section of this limestone was examined by 
J. A. Cushman, who reports as follows: “Limestone with very few 
foraminifera: Oldbigerina, Nodosaris (?) and Textularia (?). A somewhat 
deeper water condition is indicated (than at Pilar, Ponupo, and Gloria 
localities).” 

The manganese ore has been formed by replacement of the limestone 
and occurs as large masses and as crystalline crusts and veinlets. In 
places, it has a faint brownish hue as though slightly ferruginous. The 
ore is reported to carry high percentages of manganese dioxide but also 
about 0.25 per cent, copper, which renders it unsuitable for chemical 
purposes. 

The workings consist of three open pits and five or six small prospects 
extending about mi. (0.2 kra.) northwest-southeast. A road built 
by the lessees at a reported cost of about $8000 extends from Guama 
to the mine, a considerable part of the distance being cut in solid lime- 
stone, and was in fair condition, but the pubhc road to Bayamo was in 
bad condition for 3 mi. beyond Guama. The mine was idle in April, 
1918, because of the high cost of transportation to Bayamo. Some few 
hundred tons of ore had been shipped from here in 1917 and about 300 
tons of selected ore were piled at the weighing shed in sacks, which were 
rotting to pieces. 

Llego and Guisa Prospects . — Deposits of manganese ore occur in places 
on the west side of a prominent limestone ridge about 5 mi. (8 km.) east 
of Guisa and 2J4 mi. oast of GoraliUo. These deposits are at barometric 
altitudes of 1000 to 1200 ft. (304 to 364 m.) and have been opened at 
three or four places within a distance of 1 mi. The feature of principal 
interest in connection with these deposits is that tho manganese ore 
simulates thin beds, conformable with the thick strata of limestone above 
and below them. 

At tho Llego the strata dip gently to the southeast, and there has been 
exposed the following section: 
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Feet 

limestone, gray, massive, crystalline, containing scales and small 


lumps of manganese oxide in lower part 604- 

Manganese ore, 1 to 3K ft. thick, average IJi 

limestone, with small, sparsely scattered lumps of manganese 

oxide 

Manganese ore 24- 

limestone 4 — 

Manganese ore 1 ± 

Limestone, exposed 754- 


The manganese-ore beds are connected in places by films of manga- 
nese oxide deposited along vertical joint planes. Calcite is present in 
cavities in the ore and along the contact with the limestone. The ore 
is reported to carry about 45 per cent, manganese a;nd to be high in phos- 
phorus in places. The ore is probably a replacement of calcareous, 
tuffaceous lenses in the limestone. The opening showing the ore extends 
about 150 ft. (45 m.) along the face of the bluff, but there is no evidence 
as to its extent down the dip. 

At the Guisa opening conditions are similar, except that the upper 
bed contains more calcium carbonate and less manganese oxide than the 
corresponding one at the Llego. There are better opportunities for ob- 
serving these deposits at this opening because they are exposed in the 
direction of the dip in lateral ravines, the total distance of exposure 
being about 600 ft. (182 m.). These deposits are about uii. (12 km.) 
by trail to the Cuba Railroad station of Santa Rita, and a shipment of 
about 60 tons of ore from JJcgo and Guisa was i-eported to have been 
made by mule back in the spring of 1918. 

Charco Redondo Mine . — The Cha.rco Redondo mine, operated by N. 
0. Pierce, of Minneapolis, Minn., and Wni. Carleton, of Sabanaso, Cuba, 
is situated about 8 mi. (12.8 km.) southeast of the Santa Rita station of the 
Cuba Railroad. There is a relief of more than 500 ft. (152 m.) between the 
lowest and the highest manganese deposits observed here and the rocks 
exposed consist of a series of gently dipping beds of argillaceous sand- 
stone and limestone and massive crystalline limestone. The deposits 
are of three types, each occurring at a partic.ular horizon. 'I’hc lowest 
is a bedded or tabular mass in the limestone bluff just above the, level of 
Cautillo River, at an aliitude of about 700 ft. (213 m.); see Pig, 23; the 
next is a breccia deposit, resembling a talus, near the foot of a higher 
limestone escarpment at an altitude of about 950 ft. (289 in.); and the 
highest is a bedded deposit on the upland just back of that escarpment, 
at an altitude of about 1250 ft. (381 m.) ; see Pig. 24. 

The tabular mass of ore appears to be interbedded with massive gray 
crystalhne limestone about 100 ft. (30 m.) below the top of the bluff. 
It is reported to have been traced for about 900 ft. (274 m.) along the 
river, which flows parallel to. the strike of the beds. A serios of falls have 
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iveloped on the limestone ledges at this place, so that the manganese 
)d is about 25 ft. higher than the river level below the falls and only a 
w feet higher above the falls. The manganese bed is 1 ft. 4 in. to 2 ft. 
in. (0.4 to 0.7 m.) thick, and may average 1 ft. 6 in. (0.45 m.). A pros- 
)ct drift 6 ft. (1.8 m.) high has been driven in on the dip, which is about 
toward the north, following a joint plane in the limestone for a distance 
27 ft. (8 m.) without cutting through the deposit. The limestone roof 
rer the bed is comparatively flat, but the floor is less even. The fol- 
wing section of the bed is representative of the portion cut by the drift: 


Feet Inches 

Massive, gray limestone 50 + 

Manganese oxides mixed with small frag- 
ments of tuff, grains of pink clay, and 
Manganese volcanic ash; contains shark^s teeth .... . 2 

ore bed . . Manganese oxides, in places crystalline, con- 
tains tuff sand and calcite in places 2 6 

Ocherous, sandy material 2 to 4 

Massive, gray limestone 25 + 


Massive 

limestone 

Massive 

limestone 



CG. 23. — Section of manganese-orb bed in limestone bluff of Cautillo Hivbe, 
AT CuARCO ReBONBO MINE. 


The material is reported to average 40 per cent, or more in manganese, 
o all outward appearances, this deposit is of sedimentary origin and it is 
inceivable that the original may have been tuff laid down as volcanic 
idiments during the formation of the limestone series. Later most of 
le tuff bed was replaced by manganese minerals. The shark^s teeth 
:e reported to be of Eocene age, as are the limestones generally in this 
^gion. An alternative explanation of the formation of this bed is that 
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an extensive horizontal crevice that had been formed by solution of the 
limestone was subsequently cut open by the river and filled with sedi- 
ments derived from the breaking down of tuff deposits at a higher level. 
Later replacement by manganese minerals of portions of the deposit was 
effected by circulating waters. 

The breccia deposit that occurs at two or three places at the base 
of the next higher escarpment contains manganese oxides mixed with 
fragments of tuff and coarse grains of buff to pink clay-like material, the 
mass being soft and poorly consohdated. The deposit is 6 to 10 ft. 
(1.8 to 3 m.) thick and is reported to carry 22 to 30 per cent, of manganese. 
The base of the deposit was not exposed, but the overburden consists of 
clay, sand, and boulders of oolitic limestone. At the top of the mixed ore, 
thei'e is usually a crust slightly richer in manganese oxide. In this 
deposit the writer found an abundance of shark’s teeth. A few speci- 
mens were submitted to J. W- Gidley of the XJ. S. National Museum, 
who kindly examined them and made the following report: 

“The fossil shark’s teeth from Charco Redondo mine represent three 
species determinable as follows: Lamna cf.L. elegans, these are not typical 
L. elegans but seem nearer this species than any other described. Imms 
hastalis, or very near this species. Careharodon auricularis (?), the largo 
serrate tooth is like this species only more slender than is usual. These 
teeth seem to be of Cretaceous or Tertiary, probably Eocene ago.” 

This material may have been formed by the breaking down of a higher 
bed of tuff and have been recemented by manganese ore, but it may also 
represent a remnant of a bed deposited on an eroded surface of sedimen- 
tary rocks. 

Prospecting had been done at one place by open cuts and at another 
a face about 118 ft. (35 m.) long had been cut and two drifts 54 ft. 
(16 m.) apart and 5H ft. (1.67 m.) high had been driven perpendicular 
to the face, to distances of 52 ft. (15 m.) and 76 ft. (23 m.) re.spcctively, 
and from the longer of these nearly 100 ft. (30 m.) 6f additional drifts 
had been driven — all in mixed ore. This work disclosed a good tonnage of 
lean material, all of which will require concentration in order to render it 
of commercial value. The manganese minerals arc soft and it will 
probably be difficult to effect a large saving in cleaning the ore, and what- 
ever is saved will probably be so fine grained as to have to be hricjiu^tted 
for metallurgical use. 

The deposit at the highest altitude is also of an unusual tyr)e. ncr<\ 
on the upland back of the escarpment, a bedded deposit of manganeses 
oxide, dipping at a low angle toward the north, has been uncovered by 
stripping over an area about 1200 ft. (365 m.) along the strike by 40 to 
50 ft. (12 to 15 m.) down the dip; see Figs. 24 and 25. The ore bed 
ranges from 3 in. (7 cm.) to 1 ft. 8 in. (0.5 m.) thick, and averages almut 
1 ft. to 3 in. (0.38 m.) thick. The ore bed is hard and compact and much 
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of the manganese oxide is in nodular incrustations of crystalline min- 
erals, probably mixtures of pyrolusite and manganite. The content of 
manganese is reported to be from 42 to 44 per cent. The bed is overlain 
by 2 to 8 ft. (0.6 to 2.4 m.) of thin-bedded chalky argillaceous limestone, 
containing chert in places, and the imderlying limestone is of a harder 
variety. The bottom of the deposit is less regular than the top and 
shows many small round pits into which the manganese oxide conforms. 
The top of the ore bed shows mammillary structure, in places incrusted 
by a greenish-brown deposit, that appears to be an iron silicate con- 
taining potassium and is probably glauconite. 

The resemblance in attitude and structure that this deposit bears 
to certain bog-iron-ore deposits observed by the writer in the southern 
United States is rather close and suggests that the manganese minerals 
were concentrated in a bog — ^if that were possible — ^together with 
calcareous sediments, and later the whole deposit became covered by 
the chalky limestone strata. The overlying hmestone is relatively thin 
and differs considerably in texture from the underlying beds and may be 
a comparatively recent deposit. 


Sol 

Ax^g^Uaceous litnesteHie 
Manganese ore 
Crystalline limestone 

9 Ip y) jp FEET 

Fig. 24. — Section of fossil bog deposit of manganese orb at Chaeco Redondo 

MINE. 

This bed has been mined by stripping 2 to 8 ft. (0.6 to 2.4 m.) of over- 
lying rock and then taking up the ore in lumps. The bed extends beyond 
the present stripping, which has reached a practicable limit. It was 
reported that about 1200 tons of _ ore were shipped in 1917 and about 
530 tons of lump ore were awaiting shipment in April, 1918. Under 
normal conditions but little more ore can be regarded as probably avail- 
able. The breccia deposit of milling ore is of doubtful quality. The 
bedded deposit in the river bluff may contain a few thousand tons of ore, 
but until prospected further there can be no certainty of this. Profit- 
able mining of such a thin bed would be difficult on a,ccount of the 
large amount of dead work necessary to be done in hard limestone in 
order to provide, room for mining. 

Adriana ikfine.— The Adriana mine, operated by the Cuban Industrial 
Ore Co., of Philadelphia, Pa., and Baire, Cuba, is situated about 9 mi, 
(14, ^km.) south of Baire, in the outlying hills north of the foothills of, 
the;, Sierra Maestra, and about 4 mi. S. 65° E. of the Charco Redondo 
mine. The mine is near the base of a prominent ridge of hmestone 200 ft. 
'or' more', .> Th®. iititadqjOf .>biiS6 ; of 
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1000 ft. The dip of the limestone is 20^^ to 50° about N. 75° W. and 
averages about 40°. 



Fig. 25. — Eight miles southeast of Santa Hit a, Cuba, Charco Redondo claim. 
Open cut on upper bed of manganese ore. Ore bed shown by hammer. 



Fig. 26. — Section showing relations of tuff, mostly reflacu-jd nr mangan- 
ese OXIDE, TO ENCLOSING THICK-BEDDED LIMESTONI8 IN AdhIANA kiNE. 

The principal manganese-ore deposit is in the form of a tabular mass, or 
bed, between strata of limestone, see Fig. 26, and outcrops near th(', base 
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of the i-idge. Its thickness ranges from 2 ft. 6 in. to 6 ft. (0.75 to 1.8 m.) , 
and averages about 4 ft. (1.2 m.). There is an outcrop of a similar de- 
posit about 20 ft. higher stratigraphically, but as it has not been traced 
far it may be the same bed dislocated by faulting. The ore in the imain 
deposit is of good quality and was reported to be averaging about 45 per 
cent, of manganese where mined. Some pockets of rich powdery pyro- 
lusite were encountered, but most of the material was mined as lump ore. 
The ore bed was perhaps originally a bed of tuff interbedded with the 
limestone. Replacement of the tuff by manganese oxide seems to have 
been unusually complete in this instance. 

The workings consisted of an open pit about 30 ft. (9 m.) deep from 
which a series of inclines extended down the dip of the ore deposit to a 
total depth of about 90 ft. Drifts turned off on the .strike of the ore 
showed the deposit to pinch out at the right and left, with a total length of 
the workable ore shoot of about 50 ft. There was still good ore in the 
bottom and a new straight incline having a slope of about 45° was being 
constructed. Ore was being hauled in ox-carts 8 or 9 mi. (12 to 14 km.) 
to Baire, over a road that is said to be passable even in the wet season. 

This is a type of deposit on which no reasonable estimates of ore 
tonnage can be made in the absence of prospecting. It is bedded mate- 
rial of fairly high grade and might be expected to continue to considerable 
depth, but it must be considered that the deposits of tuff interbedded 
with limestone are lenticular in shape and are probably limited to a 
few hundred feet in length and to a smaller width. Moreover, it is 
uncertain as to whether manganese oxide may have replaced the whole 
lens or not. Prospecting the bed by drilling down the dip in the mine 
workings would seem the most practicable way of ascertaining the ore 
ahead of the workings since the bed cannot be drilled from above ground. 

San Antonio Mine . — The San Antonio mine, operated by Prudencio 
Bravo, of Santiago de Cuba, is situated about 8 mi. (12 km.) S. 15° W. of 
Baire and about mi. in a direct line a little south of east from the 
Adriana mine. The altitude of the deposits is about 1000 ft. and the 
country is hilly and broken, the main topographic feature being an east- 
ward continuation of the limestone ridge noted at the Adriana. Manga- 
nese ore occurs as bedded material between strata of massive oolitic 
limestone, and as lumps in residual clay overlying a deeply weathered 
surface of the same limestone. The fragments of manganese in the clay 
may have been derived by the breaking down of a lens of ore formerly 
enclosed in the limestone. The grade of the ore appears to be good and 
it was reported to carry 40 to 44 per cent, of manganese. The bedded 
material is about 2 ft. (0.6 m.) thick in the face of a large open cut about 
200 ft. (60 m.) long, and is 6 in. to 1 ft. (0.15 to 0.3 m.) 
places. ' . , * ■,',',1 ; vji 

■ ThO'largest active' were 
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clay. The 200-ft. cut had been worked back a distance of about 15 ft. 
(4.5 m.) to where the stripping of overlying limestone became 10 ft. thick 
and could not profitably be stripped farther. At another small pit lower 
down and M (0-8 km.) toward the southwest, a bed of ore 8 in. to 1 ft. 
(0.2 to 0.3 m.) thick has been mined by stripping off a few feet of lime- 
stone. A small tonnage of ore was regarded as still available here, mostly 
in the residual clay deposits. A few tons per day of ore was being moved 
to Baire by ox-carts and pack mules. The road from the Adriana is 
followed part way, but the road near the mine is boggy in spots and is 
over soil and clay for 2 or 3 mi. (3 to 4 km.) and probably would not be 
passable in the rainy season. 

Los Negros Area . — The San Antonio mine is on the border of what is 
known as Los Negros manganese area, which extends for about 15 mi. 
(24 km.) farther southeast. This area was not visited by the Govern- 
ment party as no production was being made from there in the spring of 
1918 and the deposits are so remote from the railroad and so poorly 
provided with roads that the prospect of any production of ore during the 
period of the war seemed remote. According to several capable and reli- 
able TYiiriing engineers, the occurrence of manganese ore is similar in 
type to that at the Llego, Guisa, Chareo Redondo, Adriana, and San 
Antonio properties; viz., small high-grade bodies associated with lime- 
stone. Mr. John B. Stewart, of Santiago de Cuba, a member of the 
Institute, who has recently visited the Los Negros area, believes® that the 
district was drained for a long period through an extensive cave system 
developed in the limestone and that the manganese deposits later filled 
portions of these caves and solution channels. He finds the Unica mine, 
which is about 26 mi. (41 km.) south of Baire to be a cave more than 80 
ft. (24 m.) in depth and more than 20 ft. in width. He noted several 
aimilar caves in the area and states that the hardest and purest 
manganese ore seemed to be closely related to a pink dolomite that under- 
lies a purer limestone characterized by tooth-shaped weathered surfaces 
and popularly termed the “diento de perro” or “dog tooth” limestone. 
The crevices and caves may have been filled first with debris of tuff which 
was replaced by manganese oxide. The nature of the cavities and of such 
contained material as has been studied by the writer docs not indicate 
that the limestone formerly occupying the cavities had been replaced by 
the manganese minerals. 

The Unica and other mines are reported to have made small ship- 
ments of high-grade chemical ore by mule back in the winter of 1917. 
There may be an important tonnage of ore in the Los Negros area dis- 
tributed among many small deposits, but its development is very doubt- 
ful unless good roads are built by the Cuban Government. 

* Personal communication to the writer. 
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Produdion and Ore Reserves . — ^The production of manganese ore from 
the district south of Bayamo has amounted to a few thousand tons 
altogether, the mining operations being on a small scale. In the spring 
of 1918, only 50 to 60 tons a day were being produced from all the mines, 
but much of this was high-grade ore for chemical purposes. The develop- 
ment of the deposits is handicapped by their remoteness from the rail- 
road and by the lack of good wagon roads. Government aid for the 
completion of a road from the ore-bearing area south of Bueycito to 
Julia, a station on the Cuba Railroad between Bayamo and Manzanillo, 
is very much needed, and if several bridges had been completed in the 
spring of 1918 a much larger output of ore could have been produced. 
Strenuous efforts were being made during the war period to get ore to 
market, notwithstanding the handicaps. Ore had to be carried 10 to 
25 mi. (16 to 40 km.) in sacks on the backs of mules and in ox-carts, 
and in the dry season a motor truck earned ore 16 mi. to Bayamo, fording 
Bayamo River many times and standing hub deep in the water of Guama 
River to load the ore from a wharf. 

The manganese-ore deposits in this district are of great variety and 
comprise certain unusual types of ore. The nature of the deposits, their 
general richness, and the possibility of the occurrence of undiscovered 
deposits renders this, district of considerable interest to the geologist and 
to the producer and consumer of manganese. Little mining has been 
done here and since most of the deposits, like the Cuban manganese-ore 
deposits generally, are richer near the surface than deeper, it is still 
possible to produce high-grade ore here by selective mining. The 
“cream” of the ore is now being skimmed off, but deposits, of milling ore 
are also available. There is plenty of water at most of these deposits 
but it is doubtful whether it will be profitable to attempt their mechanical 
concentration until good roads are built and the price of ore again reaches 
a high figure. 

The reserve of manganese ore in the district south of Bayamo is con- 
servatively estimated at between 50,000 tons and 75,000 tons, most of 
which is in the western part; this estimate does not include the Los Negros 
district. It would not be surprising, however, if many times the esti- 
mated tonnage should eventually be developed. 

Prospects in the Camaroncito District 

By the Camaroncito District is meant the area along the south coast 
of Oriente Province between Portillo and Torquino, in which deposits 
of manganese ore have been found. There are several places where such 
deposits occur, but only two representative ones need be noted here, the 
Camaroncito properties and the Rio Magdalena prospect. 

Camaroncito Croup . — The Camaroncito group of manganese-ore pros- 
pects, owned by the Compania Oriental de Minas of Havana and Santi- 
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ago, is situated on the Caribbean coast about 6 mi, (9 km.) cast of Portillo 
and 80 mi. west of the harbor of Santiago de Cuba. The manganese 
deposits that have been opened are all in the narrow sti'ip of foothill 
country between the Sierra Maestra and the coast and are at low alti- 
tudes, generally between 30 ft. and 250 ft. (9 m. and 76 m.) above sea 
level. The rocks along this belt consist of partly metamorphosed shale 
and siliceous limestone. The shale is sparingly glauconitic in places. 
Andesite has been reported as having been encountered in one of the 
tunnels. The manganese deposits generally are replacements of siliceous 
limestone and glauconitic shale. (See description of thin section, page 59. ) 

Considerable development work has been done on the Camaroncito 
properties, particularly at the Pittsburgh, the Concha, and the San Juan 
openings. The Pittsburgh, or Don Tomas, incline is about mi. (0.8 
km.) from the wharf at an altitude of about 35 ft. (10 m.). A bed of 
manganiferous siliceous hmestone outcrops here at the foot of a low ridge 
and has been followed for 45 ft. (13 m.) down a 30° dip by means of a 
timbered inchne in a direction N. 60° W. Right and left drifts have 
been turned off about 15 ft. (4.5 m.) in length about 20 ft. below the 
entrance. At the entrance the manganiferous bed is about 1 ft. (0.3 m.) 
thick but it increases to 5 or 6 ft. in the workings and then thins out. 
The deposit is evidently lenticular in shape. The incline and both drifts 
passed completely through the ore and work was discontinued. 

The Concha prospects are situated about mi. (0.8 km.) north of the 
Don Tomas incline, on a hillside along the face of which a manganese- 
bearing zone 6 to 12 ft. (1.8 to 3.6 m.) thick ascends toward the northeast. 
Three open cuts have been made here at altitudes of 160 ft. (48 m.), 
200 ft. (60 m.), and 240 ft. (73 m.). An incline sloping about 23° to the 
northwest was driven about 45 ft. (13 m.) from the bottom of the lowest 
cut. The rock is reddish, slightly glauconitic material weathering shaly. 
Rich manganese oxide, probably pyrolusite, occurs in streaks and pockets, 
but most of the deposit is lean and appears ferruginous and siliceous. 
The open cuts and incline pass entirely through the deposit. 

The claim known as the San Juan is about mi. (0.4 km.) southwest 
of the Pittsburgh. Much manganiferous float is encountered in the form 
of boulders on the north slope of a hillside from 50 to 240 ft. (15 to 
73 m.) in altitude, and four or five prospect cuts and a tunnel have been 
made on an ore-bearing zone 2 to 8 ft. in width associated with reddish 
glauconitic shale overlain by light-colored quartzite. Some small rich 
pockets and thin seams of needle-like or fibrous crystalline ore were 
noted. All the cuts passed through the ore. 

A series of commercial analyses of samples collected by an American 
mining engineer and checked by the company chemist show that the 
ores are of very much lower grade than might be expected from visual 
examination. In each instance a sample of several hundred pounds of 
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ore was taken fj^oin a pile that had presumably been partly sorted and 
hand-picked and the sample was further hand-sorted into ore and waste 
rock. The percentages of ore and waste rock were recorded and duplicate 
samples of each were then taken. The manganese carried by the ore 
ranged from 17.4 to 32 per cent.; the iron, from 6.6 to 12.6 per cent.; 
and the silica from 19.7 to 31.8 per cent. The waste rock sorted out 
by hand carried 11.4 to 22.6 per cent, manganese, 8 to 10.25 per cent, 
iron, and 29 to 41 per cent, silica. 

Good wagon roads and a commodious camp, supplied with water 
piped from a mountain stream, had been built here, but all work on these 
prospects was suspended in the spring of 1918, due no doubt to the fact 
that high-grade ore sufficient for commercial exploitation could not be. 
found at any place. In many places near the prospects, as well as at 
the wharf, are dumps containing ore mixed with siliceous material, which 
by cobbing could probably be made to yield a small proportion of ore 
of shipping grade. There is at Camaroncito a small indentation in the 
coast, with a channel deep enough for boats of moderate draft to land at 
a pier in fair weather. 

Rio Magdalena Prospect . — Rio Magdalena flows into the Caribbean 
Sea about 16 mi. (25 km.) east of Portillo. About K nii* (0-8 km.) 
east of this river and % mi. from the shore some manganese ore has been 
disclosed by prospecting. The prospects are on a hillside at an altitude 
of about 250 ft. (76 m.), and are in siliceous limestone associated with 
ferruginous glauconitic shale as at Camaroncito. The principal prospect 
is a northwest-southeast trench 70 ft. (21 m.) long and 3 to 7 ft. (0.9 to 
2 m.) deep. A manganiferous layer 3 to 4 ft. (0.9 to 1.2 m.) thick is dis- 
closed, dipping about 50° toward the southeast. Float ore around the 
hill indicates that the manganiferous layer extends beyond the prospect. 
The presence of the mineral, braunite, was determined in a specimen 
from this prospect. The ore is good in spots but the showings do not 
appear to warrant further prospecting. 

Deposits in Santa (Jlara Province 

The only deposits of manganese ore in Santa Clara Province that have 
come to the attention of the writer are on the south coast west of the town 
of Trinidad. 

Trinidad Group . — A group of claims owned by the Trinidad Man- 
ganese Co., of Havana, is situated on Rio Guanayara about lyi mi. 
(2.4 km.) from its mouth, or about 35 mi. (56 km.) east of Cienfuegos, and 
6 to 8 mi. west of Trinidad. These claims, or denouncements, comprise 
six tracts, known as the Mercedes, Serafina, Adela, Hipolita, Purita, 
and San Juan, with a total area of 347 ha., or about 860 acres. These 
properties were examined in September, 1917, by G, Sherburne Rogers, 
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of the U. S. Geological Survey; the following notes are adapted from his 
report to the Survey. 

From near Cienfuegos to far beyond Trinidad, the Caribbean coast of 
Cuba is bordered by the Sierra de Trinidad, a rugged chain of mountains 
that rise to a height of about 3000 ft. (914 m.) above sea level within 5 mi. 
(8 km.) of the coast. The properties of the Trinidad Manganese Co. 
lie in the southern foothills of this range. The southernmost claim, 
the San Juan, lies on a relatively gently sloping surface; but the surface 
of the area covered by the other claims is rugged, the relief on the Purita 
and Hipolita claims amounting to 500 ft. (152 m.) or more. The whole 
area is densely timbered, chiefly by the thorny arroma, which forms an 
impenetrable thicket. Guanayara River is a small mountain stream 
flowing almost due south. It is said to flow throughout the year and to 
be subject to floods during the rainy season. In the northern part of the 
property, the river has a rapid fall that culminates in a series of cascades 
60 ft. (18 m.) high, below which the gradient is low and the stream is 
said to be navigable for small boats. If the flow is sufficient during the 
dry season this stream should be a valuable source of power. 

The rocks exposed in this locality in a section beginning at the coast 
and extending northward to beyond the manganese deposits are: coral 
limestone, probably of Pleistocene or Pliocene age, called locally “diento 
de perro,” or dog-tooth limestone, on account of its rough surface covered 
with solution cavities surrounded by sharp pinnacles; an older, cavernous 
limestone, probably of Oligocene age; and a thick series of crystalline 
limestone, micaceous marble, and calcareous mica schist, probably pre- 
Cretaceous in age. The first outcrops in a strip about 500 ft. (152 m.) 
wide along the coast. The second, which underlies it, outcrops in a belt 
about 3000 ft. wide and is probably between 500 ft. and 1000 ft. thick; 
it shows southward dips in places. The third unconformably underlies 
the second, dips 20® to 80® toward the south, and has been extensively 
deformed. This schist has been faulted to some extent and considerably 
shattered with development of quartz and calcite veins. Many crushed 
and brecciated zones occur in the schist and contain quartz, calcite, sider- 
ite, and manganese and iron oxides. The crystalline limestone in places 
contains considerable ankeritc and siderite and some of the schistose 
beds contain enough rhodonite in places to give them a pink color which 
weathers black. 

The manganese ore appears to occur in irregular bodies in faulted and 
crushed zones in the schist. At one point, an orebody reaches a width 
of 18 ft. (5 m.) and has replaced a limestone bed besides having impreg- 
nated the inclosing crushed schist, but the average width at this place is 
not more than 8 ft. (2.4 m.) and in other places is less than 5 ft. (1.5 m.). 
The depth to which ore continues is not shown, but it is not probable 
that it continues below ground-water level, which probably lies at a deptK 
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of 60 to 100 ft. (18 to 30 m.) in this locality. The principal ore mineral 
is psilomelane, but there is considerable pyrolusite and some well crystal- 
lized manganite present. The associated minerals are quartz, calcite, 
siderite, and limonite, the latter mineral occurring to so large an extent 
in some deposits as to render the ore valueless as a source of manganese. 
The bulk of the ore is found in a detrital form in a soft, brown, earthy 
gangue derived by alteration of the schist. Five analyses, probably of 
selected specimens or of the ore stacked for shipment, furnished by the 
operators show a range in manganese content of 43 to 52 per cent.; iron, 
1.41 to 7.35 per cent.; silica, 2.63 to 13 per cent.; phosphorus, 0.03 to 
0.45 per cent. One sample shows 0.036 per cent, alumina and 13.80 per 
cent, of barium oxide. 

Rogers mentions nine openings but from only one of these, the main 
opening on the Mercedes claim, had any shipments of ore been made. 
This opening consists of a pit, averaging 55 ft. (16 m.) square and 5 
to 20 ft. (1.5 to 6 m.) deep, from which a drift has been driven 55 ft. 
into the hill to the southeast. In the bottom of the pit a 7-ft. (2-m.) 
shaft, 10 ft. (3 m.) deep, and an irregular hole, about 15 ft. deep, have 
been dug. Here the ore occurs in irregular bodies; in general, it is paral- 
lel to the strike, in a rotten schist zone altered to a brown, earthy, ocher- 
ous material. In places the ore has replaced the brown limestone wall 
rock and parts of other associated limestone beds. From this working 
about 400 tons of hand-picked ore had been taken, most of which came 
from the hole. In the best part of the deposit, the manganese minerals 
appear to constitute 25 to 30 per cent, of the material. It is estimated 
that about 24,000 cu. ft. (672 cu. m.) of vein material has been excavated 
in order to obtain 400 tons of commercial ore. Rogers considers that 
the best deposit of ore on the property has been uncovered in this opening, 
but that it is not possible to make any estimate of tonnage remaining, 
on account of the pockety nature of the ore and the absence of neighbor- 
ing workings. Exploration along the strike in both directions, but 
particularly in a line about N. 50® B. from the Mercedes main open- 
ing, may indicate other similar deposits. In the other openings, for 
the most part, the showing of ore was too meager to warrant further 
developments. 

A wagon road had been constructed at a reported cost of $8000 from 
the main opening to the coast at the mouth of the river, a distance of about 
1^ mi. (2. 8 km.). About 350 tons of ore had been hauled to this point, 
200 tons of which had been shipped The indentation of the coast at 
the mouth of Rio Guanayara is too shallow for any but the smallest ves- 
sels, and the nearest port is the Ensanada de Casilda, the port of Trini- 
dad, 10 mi. to the southwest. It is rumored that some ore was shipped 
from this property to the United States in the spring of 1918. 

VOX., — 7. 
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Dario Claim . — The Dario claim was given a very brief inspection by 
the writer on Apr. 28, 1918. It is about mi. (2.4 km.) from the Car- 
ibbean coast near a small stream known as Eio Cabogones, and is about 
11 mi. west of Trinidad, or 6 mi. west of the deposits in Eio Guanayara 
just noted. The property, which covers 200 ha., was owned by Sr. Man- 
uel Gomez-Valle of Cienfuegos. The topographic and geologic relations 
of the manganese minerals at this place are practically the same as those 
of the Trinidad deposits, described by Rogers. The deposits noted lie 
at altitudes of 400 to 450 ft. (121 to 137 m.) above sea level where the 
relief in the foot hills begins to become moderately rugged, and the rock 
containing them is schistose crystalline limestone and calcareous mica 
schist. The strike of the beds is northeast-southwest and the dip is 
steep toward the southeast. The rock is somewhat shattered in places 
and contains considerable white quartz in veins and also segregations of 
chert. The lowest outcrop consisted of ledges and boulders of man- 
ganiferous limonite. Although dark in color, and nearly black in places, 
this material appears to carry more iron than manganese. Manganese 
oxides, however, have been disclosed practically at the surface in five or 
six shallow pits about 60 ft. (16 m.) higher on the slope and on this slope, 
which is partly clay covered, float, consisting of grains and lumps of 
manganese oxide up to 4 in. (10 cm.) in diameter was noted. This 
material appears to be of high grade when the lumps are broken, but 
on the weathered surface it shows a dark reddish-brown color, just as does 
much of the rich residual manganese ore found in clay in the Shenandoah 
valley of Virginia and the Tennessee River valley of East Tennessee. 
The deposits noted in the prospect pits were of two varieties; one appa- 
rently directly replaces parts of beds of the schistose limestone and the 
other partly fills and cements brecciated zones. The manganese minerals 
are pyrolusite, psilomelane, and manganite. The replacement bodies 
follow the beds but they are only 1 or 2 ft. thick and extend only a few feet 
or yards along the strike. The brecciated material is mixed with quartz 
and schist, so that some form of concentration would be necessary if it 
were mined. The residual fragments in the clay would require log 
washing. 

The results of the examination were inconclusive, because prospecting 
has relatively only scratched the surface. The prospects, to bo sure, are 
where manganese oxides actually outcrop and they do not sliow any 
large deposits but they are not extensive enough to give very definite 
information. The surface clay between places where manganese min- 
erals are known to occur has not been prospected. At the time of visit, 
the deposits were reached from the coast only by a trail. At the mouth of 
Rio Cabogones, there is a small shallow indentation in the coast, but it is 
not suited to the landing of cargo vessels so that ore would have to be 



ERNEST F. BTJRCHARD 


99 


lightered to boats anchored off shore or else barged to the Ensanada de 
Casilda, about 15 mi. to the southeast. 

Deposits in Pinar del Rio Province 

Manganese minerals have been found in two localities in Pinar del 
Rio Province, one near Vinales, north of the city of Pinar del Rio, the 
other near Mendoza; manganiferous iron ore occurs near Arroyas de 
Mantua. None of these deposits promise to be of importance as sources 
of manganese but those near Vinales and Mendoza will be noted for the 
sake of completing the record. 

Vinales . — The village of Vinales is on the Pinar del Rio — Esperanza 
highway about 15 mi. (24 km.) north of Pinar del Rio. Vinales lies in a 
picturesque valley bordered by rugged ridges of Jurassic (?) limestone, 
the' Sierra Organos. The Organos here consist of several parallel ridges 
of massive hard limestone reaching heights of 800 to 1000 ft. (243 to 304 
m.), separated by flat valleys carved in softer schist, shale, and sand- 
stone. The parallel limestone ridges appear to have been formed by 
repetition of the strata through faulting. In these Sierras to the west 
and oast of Vinales deposits of manganese minerals have been found. 
One of the deposits is situated about 3M ini- (5-0 kna.) a httle north of 
west of Vinales but is reached by a more circuitous route, a trail that 
leaves the highway about 1)^ mi. north of Vinales, crosses an intermediate 
valley or “vega,” ascends one of the Sierras, then follows along its north 
flank for more than 1 mi. and finally descends into another flat-bottomed, 
picturesque “vega” in which nestles the hamlet of Ancon devoted to the 
activities incidental to producing tobacco. Here, on the north side of 
the "vega,” 75 to 150 ft. (22 to 46m.) above the valley floor, or at altitudes 
from 575 to 650 ft. (175 to 198 m.) in a cliff or “mogote,” of massive lime- 
stone that dips 30° to 40° N. 20° W. is a band of hard, black to brownish, 
manganiferous material conformable with the bedding of the limestone. 
This band is 6 to 10 in. (15 to 25 m.) thick, but a great many measure- 
ments showed a general thickness of 9 in. The material is overlain by 
a few inches of pinkish limestone which, in turn, is overlain by gray 
limestone containing very thin streaks of chocolate-colored carbonaceous 
shale, with particles of limonite in places, and is underlain by gray lime- 
stone. There is a very sharp transition in color from the brown man- 
ganiferous material to the limestone above and below it, but otherwise the 
rocks seem to be part of the same bed. The brown rock can be traced 
300 to 400 ft. (91 to 121 m.) along the cliff. It has been stripped for a 
few feet on the dip in a few places, evidently for the purpose of sampling, 
but this is the only development work that has been accomplished. 

This material is cut by clean sharp joint planes and breaks into more 
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or less rectangular fragments. It gives a dark brown streak and has a 
specific gravity of 3.1628. A partial chemical analysis by George Steiger 
gave the following results: Insoluble in HCl, 25.09; (AlFe) 203 j 16.91; 
CaO, 16.83; MgO, 3.29; Mn, 19.46. 

This deposit is of considerable scientific interest, but it is of little or 
no commercial value, because it is not thick enough to be mined and is 
relatively so inaccessible. Whatever production might be obtained 
would have to be carried on mule back 3 mi. (4 km.) or more to the 
highway, where auto truck haulage could be used, or a cart road 1 mi. 
or more long would have to be constructed northward through the 
Sierras to connect with an ox-cart road 10 mi. in length, which leads to a 
small cove in the coast west of Esperanza. 

The other reported deposit of manganese ore in this vicinity was not 
visited by the writer. It is said to be about 2)^ mi. northeast of Vinales, 
but nothing definite could be ascertained concerning its character. 

Mendosa . — Deposits of manganese ore are known to occur at two 
localities near the town of Mendoza. One of these localities is known 
as the Turrialba property and lies about 1J4 (2 km.) northeast of the 

railway station at Mendoza; the other is known as the Maria Cristina 
property and lies about 4 mi. south-southeast of Mendoza, near the settle- 
ment of Catalina. The Turrialba property was examined by Dr. Max 
Roesler, inDecember, 1917, and the following notes are based on his report. 

The Turrialba property consists of 625 ha. The surface is mostly 
gently rolling, but at the northern end rises the Cerro Pasco Real, hn 
outlying limestone hill, or “mogote,” of the Cerro de Guano. The 
underlying rock is limestone, which incloses a horizon of sandstone and 
sandy shale. The beds dip very steeply and have been considerably 
dislocated by faults. The contact between the limestone and the sandy 
horizon is the locus of the manganese mineralization. The manganese 
ore occurs in veins or small pockets in the weathered zone between the 
limestone and the sandy beds. On the surface this contact is marked 
by float ore, which consists of small pebbles of manganese oxide with a 
core of calcite or limonite, but pure manganese oxide pebbles are also 
found, especially on the northern part of the* property. The vein, or 
pocket, ore appears to be in the earthy form and as crystalline pyrolusito. 

The property has been prospected to some extent; the most promising 
results have been obtained on the Buena Vista, near the foot of the Cerro 
Pasco de Real. Here a shaft was sunk 15 or 20 ft. (4 or 6 m.) in depth, 
from which was obtained the bulk of a shipment of about 35,000 lb, 
(15,855 kg.) of ore that was sent to Chicago. Part of the material 
shipped was obtained by washing in a “long tom” dirt containing man- 
ganiferous float, from the Buena Vista and from Arroyo Gordo working, 
also along a limestone-sandstone contact zone 300 to 400 yd. (274 to 
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365 m.) southeast from the shaft. A sample from the ore pile showed, on 
analysis, 45.15 per cent, manganese, 2.30 per cent, iron, 10.65 per cent, 
silica, 0.017 per cent, sulfur, and 0.063 per cent, phosphorus; but a copy 
of the analysis on the invoice showed 41.20 per cent, manganese and 
12.93 per cent, silica. There was still ore in sight in this shaft, in the 
form of veinlets or bunches, in the fractures of the weathered sediments 
at the time of Dr. Roesler’s visit. Analyses of samples, some of them 
concentrates, from other prospects showed manganese ranging from 36 
to 43.5 per cent, and silica from 12.5 to 18.7 per cent. Some of the ore 
that has been found is manganiferous limonite, containing about 45 per 
cent, iron, 6 per cent, manganese, 11 per cent, silica, 0.035 sulfur, and a 
trace of phosphorus. 

The Turrialba prospects are excellently situated for transportation, 
since the Western Railroad of Havana crosses the property. There is an 
abundant supply of water in Rio Cuyaguateje, which borders part of the 
west side of the property. 

The Maria Cristina prospects were examined by the writer on Apr. 21, 
1918. This property is located in rolling country having an altitude, 
according to an aneroid, of 125 to 175 ft. (38 to 53 m.). The locality is 
underlain by limestone interbedded with sandy shale, the beds striking 
N. 70° E. and dipping almost vertically. The rocks show considerable 
crystalline quartz and calcite in fractures. Manganese oxides have been 
deposited chiefly in the shaly beds along their contact with the limestone. 
Along these zones the limestone is argillaceous and the shale is 
sandy and calcareous. Fine manganese oxide gravel occurs as float on 
the surface along these zones or on slopes below them. There have been 
opened a shaft about 50 ft. (15 m.) deep, a trench 30 ft. long on the strike 
of the beds cut by the shaft and about 50 ft. northeast of the latter, 
a pit 25 ft. deep on the same strike about 1500 ft. southwest of the shaft 
and a pit 20 ft. deep about 500 ft. north of the shaft on a parallel zone of 
shale. The shaft was being retimbered at the time of visit and contained 
water at the bottom so that no ore could be seen, but it was reported that 
the vein of ore has been found to be from 1 to 3 ft. thick. The trench 
showed only streaks and seams of manganese oxide in the beds, which 
comprised a gradation from hard argillaceous limestone to calcareous 
shale. The pit to the southwest showed an 8-in. (20-em.) vertical bed 
of carbonaceous limestone with manganese oxide in seams and joint 
cracks. The oxide is rich powdery pyxolusite, but the quantity visible is 
very small. The pit to the north discloses iron and manganese-stained 
shale, but there appears to be no depth to the replacement. 

About 15 tons of ore, mostly pyxolusite but containing a little calcite, 
was stored in bags. This ore was reported to contain 52 per cent, man- 
ganese and to have been obtained principally from the shaft. The road 
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to Mendoza is over a rather rough rocky surface part of the way, but 
cart haulage would be feasible if sufficient ore is found. 

Conditions Affecting Manganese Industry in Cuba 

Although the owners and operators of manganese properties in Cuba 
desired to speed up production during the period of the war while the 
need for the ore was great and the prices were good there were certain 
hindrances, aside from climatic conditions, that tended to retard their 
output. Some of these hindrances will continue to affect the manganese 
industry in Cuba, and unless certain of them are removed and others reme- 
died it will probably be difficult to maintain the industry in the face of 
reduced prices for ore. It was difficult to obtain and hold a sufficient 
number of miners at certain mines, because an adequate supply of staple 
foodstuffs could not be furnished them; they therefore left the mines 
and went to work in sugar mills, where they more easily obtained food 
to their liking. Mining was also handicapped bj'’ shortage of explosives. 

There seems but little chance for improvement in the transportation of 
ore from mines to railroads without assistance from the Cuban Govern- 
ment in building and improving cart roads. Haulage by caterpillar 
tractors may eventually supplant some of the haulage by animals. The 
high cost of animal haulage prevents the production of ore from many 
deposits at a great distance from railroads. The limitation of this traffic 
to 5 or 6 mo. of the year also handicaps production, for though mining 
might be carried on during practically the whole year, ore would have 
to be stacked up for many months awaiting the drying of the roads ; 
such storage would lock up considerable capital, and this few of the 
smaller operators can afford. 

Shortage of railroad cars and the inability of the Cuba Railroad to 
handle adequately all the manganese ore during the dry season, when 
traffic is heaviest because this is also the cane-grinding season, is also a 
serious handicap to the output of ore. During 1918, a sliortage of ships 
permitted ore to accumulate at the docks in Santiago faster than it 
could be removed, but post-war conditions should be better in this 
respect. The marketing of ore by small producers is attended by more 
or less friction between buyers and sellers over sampling and analyses. 
If the Cuban Government could detail two men, one a chemist and the 
other a man experienced in sampling ore, to act as umpires at Santiago 
in the sampling and analysis of manganese ore, small producers would 
be encouraged to steadier efforts; the service might be made self-sup- 
porting by charging the cost to the interested parties. 

The production of manganese ore seems to have been handicapped by 
the attitude of some owners of lands and leaseholds, who have raised the 
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price of royalties so high as to discourage operations. In the course of 
its trip, the Government party heard complaints of many forms of sharp 
practice, which are not conducive to a hearty cooperation between prop- 
erty owners, miners, and buyers of manganese ore. 

Despite the handicaps outlined there was a strong interest taken 
everywhere, in Cuba, in developing manganese prospects and the opera- 
tors of manganese mines made every effort to increase their output. 
Large investments were made at the larger properties in mine equip- 
ment, railroad spurs, and general developments so that these mines were 
placed in a position to produce a large output of ore. The industrial 
situation at the close of 1918 is so imcertain, however, and consumers 
in the United States appear to have such large stocks of ore on hand that 
it is very doubtful whether there will be an important production of 
manganese ore from Cuba in 1919. 

Total Pbodxjctiok and Reserves or Manganese Ore in Ctiba 

The complete production of manganese ore in Cuba is not shown in 
any available statistics, but there are in the volumes on Mineral Re- 
sources published by the U. S. Geological Survey, records of exports from 
Cuba from 1888 to 1905, and of imports of manganese ore from Cuba 
into the United States from 1897 to 1917, except 1911 to 1914, when the 
mines were idle. From these records and estimates of certain other 
data, a fair approximation of the quantity of ore produced from the Island 
and its value is obtained in which the figures are likely to be below, 
rather than above, the actual production. There is thus indicated a 
total production of 430,448 long tons, valued at $6,438,481, an average 
value of $14.95 a ton. The figures for 1918 are lower than was considered 
probable at an earlier date. The shipments of ore to the United States 
were curtailed through the withdrawal of vessel tonnage some time after 
midsummer, and later the armistice still further retarded production. 
The imports into the United States for 1918, amounting to 82,974 tons, 
valued at $2,751,193, represent about 19 per cent, of the total recorded 
output and more than 42 per cent, of its value. 

The results of the investigations by Mr. Burch and the writer indicate 
a total of between 700,000 and 800,000 long tons of manganese ore con- 
taining 36 per, cent, or more manganese, including material that can be 
concentrated, in reserve in Cuba, 600,000 to 700,000 tons of which are 
credited to the Santiago district, 50,000 to 75,000 tons to the Bayamo- 
Baire district, and the remainder to all other districts including Los 
Negros, Cdmaroncito, Trinidad, and Mendoza. 

Table 3 indicates the quantity and value of manganese ore exported 
from Cuba 1888 to 1896, and imports from Cuba into the United States 
1897 to 1918, inclusive. 
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Recent Studies of Domestic Chromite Deposits* 

BT J. S. DlLLESjt S. B., WASHINGTON', D. C. 

(Chicago Meeting, September, 1919) 

In 1827, chromite was discovered near Baltimore by Isaac Tyson, 
Jr., who initiated the mining of chrome ore and later (1846) the manufac- 
ture of chromium compounds in this country. From 1828 to about 1860 
the United States, supplanting Russia, supplied chromite for most of the 
world. Chrome deposits were found also in California, and the Tyson 
Company shipped ore to Philadelphia by way of Cape Horn. 

In 1848, J. Lawrence Smith, an American in the employ of the Porte, 
discovered large bodies of chromite in Asia Minor. ' They were developed 
in 1865 and became the chief source of the world's supply for a number 
of years. The discovery of the large high-grade bodies in New Cale- 
donia, and later in Rhodesia, with other foreign sources, gives at present 
an abundant supply for all demands. 

For a number of years before the great war, the United States pro- 
duced only a few hundred tons of chromite annually, for local use, but 
during the war the demand for domestic ore resulted in a production of 
more than 82,000 long tons of crude ore in 1918, and it was demonstrated 
that the United States has reserve deposits equal to a war demand of 
several years’ duration. Now that the war is over, the country is con- 
serving its domestic supplies by employing higher-grade but cheaper 
ore from foreign countries. 

Chromium-bearing Minerals 

Oxides: 

Chromite — chromic iron ore FeO.CrgOs 

Picotite — chromic iron ore (MgFe)0.(Al,Cr)208 

Chromates: 

Crocoite — ^lead chromate PbCr04 

Phoenicochroite — ^basic lead chromite 3Pb0.2Cr08 

Vauquelinite — ^phospho-chromate of lead. 2(PbCu)Cr04.(PbCu)8P20^ 

Sulfates: 

]^dingtonite — ^hydrous chromium sulfate. . . . 

Knoxvillite* — ^hydrous basic sulfate of 

chromium 

Daubreelite — ^iron-chromium sulfide (known 
in meteorites only) FeS.CraSa 

* Published by permission of the Director, XJ. S. Geol. Survey. 

t Geologist, XJ, S. Geol. Survey.' 

1 G, F, Becker: XJ, S. Geol. Survey 13 (1888), 279 and 389. 
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S^il^iiCoiss • 

Chrome diopside 

Emerald — chrome beryl 

Uvarovite — chrome garnet 

Puchsite — chrome mica 

Elammererite and kotschubeite — chrome 

chlorite 

Wolchonskoite — a chrome-bearing clay 


CaMg(Si0j)2.NCr203 

SBeOAljOjeSiOj-NCrjOa 

3Ca0(AlCr)20,.3Si0j 

2H20.K20.3(Al.Fe.Cr)202.6Si0t 

4H2O, 5Mg0(AlCr)203, SSiOj 


Of the chromium-bearing minerals listed above, the oxide, chromite, 
is the only one of economic importance as a source of chromium. 

The silicates are of the next most common occurrence. They are 
usually found in connection with deposits of chromite, as the latest 
chrome-bearing mineral to form. Chrome garnet occurs as minute 
bright-green dodecahedral crystals along joint planes cutting chromite, 
and they are often slickensided by later earth movements. 

Crystals of chrome chlorite frequently line cavities in the outer por- 
tions of chrome deposits. They were noted especially at the Castle 
Crags mine, Shasta County, Calif., and at the Deer Creek mine in Wyom- 
ing, where an amorphous green clayey deposit like wolchonskoite rests 
on chrome chlorite in some of the cavities. It is interesting to note 
that wolchonskoite has recently been identified in this country for the 
first time by W. T. Schaller from a vein mine near Ely, Nev. Chrome 
garnet, chrome chlorite, and wolchonskoite largely if not wholly appear 
to originate in the final hot gaseous emanations from the cooling, though 
more or less solid, deposit of chromite. 

The sulfates have a somewhat similar origin. Knoxvillite occurs in 
the Redington mercury mine, and as pointed out by Becker it is due to 
the action of hot solfataric gases on chromite. The same may be true 
of redingtonitc that is associated with knoxvillite. 


Peridotitb and Serpentine 

Wherever found in considerable quantities, chromite occurs in perido- 
tite or serpentine. 

Peridotite is a basic igneous rock; by alteration, it is the source 
of practically all the serpentine in the Klamath Mountains, Calif. It 
consists chiefly of olivine, with which may be associated more or less 
pyroxene, generally enstatite, but in many places diallage, rarely chrome 
diopside, as well as subordinate grains of magnetite and chromite. The 
relative proportion of these minerals varies greatly in different portions 
of a rock mass. A rock composed almost ■<vholly of olivine is dunite; of 
pyroxene, pyroxenite. Both of these extreme types of peridotite are 
abundant in the Klamath Mountains, together with intermediate grades, 
and appear to be products of differentiation during the solidification of 
the same original magma. Special names, such as saxonite, Iherzolite, 
and wehrlite, have been given to certain of the intermediate forms of 
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peridotite. Perhaps the most common type in California and Oregon is 
saxonite, a rock rich in olivine with a considerable quantity of rhombic 
pyroxene, enstatite. On a weathered surface enstatite gives rise to bright 
fibrous spots of bastite-serpentine which are generally characteristic of 
saxonite. This form of peridotite (saxonite) is dominant in Nickel 
Mountain, 2 3 mi. northwest of Riddle, Douglas County, Ore., where it 
contains bodies of high-grade chromite that are being mined. 

Olivine and pyroxene both alter to serpentine, but the pyroxenes, 
excepting enstatite, generally alter less readily than olivine. Thus it 
happens that weathered saxonite shows patches of bastite while those 
peridotites rich in diallage have a very rough surface, owing to the pro- 
jecting crystal grains of unaltered pyroxene left exposed by the wasted 
olivine that was changed to hydrous silicates and washed away. On 
the other hand, the surface of weathered dunite is comparatively smooth. 
Fresh rocks of all these types are well exposed in the higher portions of 
most of the large serpentine areas of the Klamath Mountains, where they 
have been laid bare by erosion. 

The result of surface weathering upon fresh peridotite is to produce a 
hydrous alteration of the olivine and pyroxene, liberating oxide of iron 
which causes the rock surface and soil to be strongly colored yellowish 
red, but beneath this red coating the fresh rock has the dark grayish 
green color and vitreous luster of granular olivine and pyroxene. The red 
surface characteristic of weathered peridotite has caused many portions 
of the serpentine areas to be called '‘Red Mountains. 

Serpentine is always a secondary mineral and is formed by alteration 
of olivine and pyroxene in peridotitic rocks. In some parts of the Kla- 
math Mountains the peridotites are fresh or but little altered; at other 
places they are largely or completely altered to serpentine. As all inter- 
mediate degrees of alteration occur, it is not possible to map the altered 
and unaltered parts separately; however, it is certain that by far the 
greater portions of the masses outlined on the map (Fig. 23) are serpen- 
tine. In general, where the rock is massive the peridotite is unaltered, 
but where crushed so as to facilitate water circulation it has been altered 
to serpentine. The outcrops of serpentine are usually greatly fissured, 
rough, jointed, and sheared, and the fragments slickensided by the move- 
ments within the mass, caused nofc only by mountain-making forces but 
also by the increase of volume as the rock changes to serpentine. Ser- 
pentine generally decomposes, on a gentle slope, to a reddish sterile 
soil, supporting scanty vegetation, but on a slope where erosion is rapid 
the fresh serpentine has a yellowish green color and a dull to waxy luster. 

A thin section of this rook shows that the chief mineral is serpentine, 

® Nickel Mountain is named from the occurrence there of an interesting nickel 
silicate which has been described with the igneous rocks by Dr. Geo. F. Kay in the 
as yet unpublished text of the Riddle Folio, See XJ. S. Gool. Survey , Bull 340, 134-162. 
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some of wMch is derived from olivine and other portions from pyroxene; 
remnants of both minerals may occur in the serpentine to prove its 
source. Many dustlike particles and grains of magnetite are present in 
the serpentine and frequently show an irregular meshlike or gratelike 
arrangement determined by the lines of fracture in the altering olivine 
and pyroxene, from which the magnetite in serpentine is chiefly derived. 
Grains or crystals of chromite are usually more or less abundant. In 
a thin section, these are generally opaque, but when sufficiently thin, by 
transmitted light they have a coffee-brown color. 

The igneous origin of peridotites, including pyroxenites and dunites, 
is a matter so widely accepted by geologists and petrographers that their 
orig in in the Klamath Mountains and elsewhere on the Pacific Coast 
needs no special consideration, especially since they are no exception to 
the general rule. 

The peridotites of the Klamath Mountains penetrate not only the 
Paleozoic rocks, which form the bulk of the central Klamath Mountains, 
but also the Mesozoic rocks which, although they extend into portions 
of the Klamath Mountains, constitute, under the general name of Francis- 
can series, a larger part of the Coast Range, While it is possible that 
the peridotites were not all erupted during the same epoch, it seems most 
likely that they were principally erupted about the close of the Jurassic. 
Those associated with the gneiss in the middle portion of the Klamath 
Mountains may be older. 

Propbkties op Chromite 

Chromite is iron chromate, represented by the theoretical formula 
CraOa.FeO, with 68 per cent, chronodc oxide (CrzO*), and 32 per cent, 
ferrous oxide (FeO) . The iron may be replaced by magnesium, and the 
chromium by aluminum and ferric iron, affording all gradations in com- 
position from spinel (MgO.AUOa) Sind picotite (Mg.Fe) 0 .(AlCr) 203 , 
which may contain 10 per cent, of chromic oxide, up to chromite proper. 
This gradation in composition was emphasized years ago by Wadsworth,® 
and it is very important to bear it in mind when considering the concen- 
tration of chrome ore, for much of the mineral is chemically low-grad<^ 
and cannot be concentrated into a rich chrome ore by any mechanical 
process. 

The color of chromite is between iron-black and brownish-black. 
In very thin sections it is coffee-brown or yeUowish-red. Its streak is 
brown, luster submetaUic to metallic, fracture uneven, hardness 5.5, 
specific gravity 4.32-4.57. It is therefore not quite so heavy as magnetite, 
with which it may be associated, and it may be distinguished by its brown 
streak and by being generally nonmagnetic. 

» M. E. Wadsworth: Lithological Studies Harvard College Mus. Comp. 55ool., 
Memoirs, 11. 
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Chromite crystallizes in the isometric system, usually in octahedrons 
which are sometimes modified by the dodecahedron. Complete crystals 
are not common, and large crystals are rare. The largest 1 have seen was 
found on the F. M. Stockwell property, 1^2 nii. west of Canyon City, 
Ore. It was nearly half of a regular octahedron, and its octahedral edge 
was 2 cm. in length. Crystals of chromite are generally microscopic 
and occur most frequently included in the olivine and pyroxene of peri- 
do tites where, among other more or less regular forms, the diamond- 
shaped, square, and triangular cross-sections of euhedral crystals (Fig. la) 
appear. Occasionally one finds a grain of chromite showing. free crystal- 
lization upon one side but irregular on the other side, where it is anhedral 
(Fig. 16). The form in which separate grains of chromite occur most 
frequently in peridotite, as seen in a thin section of the rock, is anhedral, 
completely irregular (Fig. Ic), angular without a definite trace of crystal- 
lographic boundary. 

In contrast to the angular outline just noted, which is most common 
in low-grade spotted or disseminated ore, there is another anhedral form 
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Fig. 1. — Foem of cheomitb geains: a, euhedeal; 6, sobhbdeal; c, anhbdeal; 

d, ANHBDEAL, BOUNDED. 

Fig. 2. — ^Lenticular body of chrome oeb having nodular steucture, Coggin 

MINE, Dunsmuir, Calif. 

characterized by curves (Fig. Id). In some places this is the most 
abundant form and occurs in orebodies that have a more or less distinct 
nodular-concretionary structure. It suggests spherulitic forms of early 
crystallization, from which it is readily distinguished, however, by being 
wholly crystalline. 

Chabactbristics of Chbomite Deposits 
Form 

Deposits of chromite are generally lenticular in form. That illus- 
trated in Fig. 2 is a sharply defined body of chrome ore inclos^ in 
serpentine; most of the chromite bodies are much longer and wider in 
proportion to thickness than this one. They are, in fact, bands, layers 
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or sheets, sometimes spoken of as tabular rather than lenses. The dis- 
tinctness of the outline varies from abrupt change to perfect gradation 
The orebodies are most sharply defined along their flat sides (Kgs. 3 
and 5e), although they frequently send off projections into the peridotite. 


t'lG. 3. 


Fig. 4. 

Figs. 3 and 4. — Opposite sides op specimen prom kSexton Pb3AK; Oregon, 

SHOWING SHARPLY MARKED BAND OP CHROMITIS (DARK) IN OLIVINE (LIGHT). NaTHEAL 
SIZE. 


Their edges are generally less sharply marked, and the gradation is ac- 
companied by much irregular interfingering of ore and country rock, 
as shown in Kg. 4. Many of the orebodies are comparatively smooth, 
especially in sheared serpentine, but others are extremely irregular, as 
in Pig. 5d. 
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Size 

The size of chromifce bodies ranges from a small nodule to a mass 
containing many thousands of tons/ The largest body of chrome ore 
mined recently in the United States was 150 ft. (46 m.) long, 40 ft. (12 m.) 
wide, and 54 ft. (16 m.) high. It occurred in the Castle Crags mine on 
Little Castle Creek, in Shasta County, Calif., and yielded about 12,000 



Fia. 5 a , b , c. — F lan and sections of Castle Crags orebody, (J. R , Van Fleet ) 


tons of merchantable ore; assuming a shrinkage of one-third in grading 
and washing, the orebody originally contained about 18,000 tons of ore. 
The form of this large orebody is shown in plan and cross-sections, in 
Fig. 5, a, 6, c by J. R. Van Fleet, the engineer in charge of the mine. 


* It is reported by Pr. P. Frazer in VoL CCC (Lancaster County) of the Second 
Geol. Survey of Pa., p. 192, that 95,000 tons of chrome ore was removed from the 
Wood mine in Lancaster County, Pa. The mine was opened in 1828, 
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Sketches of chromite bodies in eastern Oregon by L. G. Westgate (Fig. 
5, d, e), further illustrate the variability in form, size and border of chro- 
mite orebodies. Other large bodies have been found in Fresno, San Luis 
Obispo, and Eldorado Counties in California, as well as in Josephine and 
Grant Counties in Oregon, although in some of these cases the ore is 
contained in a series of overlapping lenses so near together as to be easily 



Fig. 5d, — S ection of chromite orebody, Brannan claim. (L. G. Wesigafe.) 

operated as one mine. The majority of chrome orebodies mined out 
in the United States within the last few years were relatively small. 
The number of chrome mines in the United States which contributed to 
the total output of ore in 1918 was about 240; the average yield, calculated 
at 50-per cent, grade, was therefore about 270 tons. Very few mines 
worked upon the same body of ore throughout the year, and many mines 
operated on five or more orebodies. As compared with the extensive 

sw NE 


Fig. 5e. — Dike-like body op chromite with contrasted sides. Campbeli/s 
PROsi»ECT. {L. G. Westgate.) 

orebodies of New Caledonia and Rhodesia, those of our Pacific Coast 
appear small, but in other respects they are much alike. 

Structure 

Even-granular structure is the most common, and is best illustrated 
by disseminated or spotted ore in which the black grains of (Jiromitci are 
evenly scattered among the grains of olivine or pyroxene (Figs, (> and 7). 
With an increase in the number or size of the chromite graj'ns tlie dis- 
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seminated ore finally becomes compact chromite;- even the best ores, 
however, are seldom found entirely free from small grains of serpentine, 
olivine, or pyroxene. 

^Nodular structure is characteristic of chromite deposits at 
many places. The nodules range from 4 to 20 mm. in diameter, 
and ma}^ vaiy from spherical to lenticular in form. The lentils are gen- 
erally in parallel position. Pig. 8 illustrates a specimen of nodular ore 
from Sec. 14, T. 16 S., R. 9 W., on Brush Creek, a tributary of Briggs 
Creek, in Josephine County, Ore. The wholly crystalline nodules of 



Fig. 6. — Even-granular structure of .disseminated chrome ore, Castle 
Crags mine, Dunsmuir, Calif. Anhedral (rarely euhedral) chromite 

INDENTED AND INCLUDED BY OLIVINE. X 15. 

chromite are in a matrix of serpentine, derived apparently mainly from 
olivine, of which the meshlike structure outlined by iron oxide still re- 
mains surrounded by deep-green serpentine. 

The chromite is penetrated by many fractures invisible to the naked 
eye, most of them belonging to one or the other of two sets approximately 
at right angles to each other. The more abundant set extends nearly par- 
allel to the length of the specin^ien and contains less serpentine than the 
minute transverse fissures which, in the hand specimen, generally show 
bright reflecting slickensided surfaces. 

The surfaces of the nodules are slightly indented and traversed by 

VOL. Lxm. — 8, 
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Fig. 7. — Even-granular structure op disseminati^d chrome ore, Castle 
Crags mine, Dunsmuir, Calif. Anhedral chromite and anhb]dral olivine. 
Mutually indenting and enclosing. Chromite rarely euhedral; generally 
bounded by curved lines and serpentine borders. X 25. 



Fig. 8. — Nodular chrome ore, Briggs Creek, Orkcjon. Interstices be- 
tween NODULES OF CHROMITE ARE FILLED WITH BRIGHT GREEN AND YEI.LOWISH 
serpentine, FROM PYROXENE AND OLIVINE. A VEIN OP SERPENTINE CUTS THE 
CHROMITE NODULES AND ALSO THE INTBESTITIAL SERPENTINE. NaTURAL SWE. 
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veins of serpentine. The original silicates^ chiefly olivine, from which 
the serpentine is derived, appear to have enveloped the chromite nodules . 
as if the chromite were formed before the silicates. 

Fig. 9 represents nodular ore in which the nodules of chromite (4 to 
10 mm. in diameter) are wholly crystalline and apparently uniform 
throughout each nodule, although there is considerable variation in the 
luster of the grains, which appear on the polished surfaces of the nodules. 
This may be due to difference in chemical composition or more likely to 
the different angle of the crystal section. The nodules are much frac- 
tured, and the fissures, as well as the internodular spaces, are filled with 



Fig. 9. — Nodular chrome ore, Placer mine, Eldorado Co., Calif. Chromite 
(black) enclosed by tremolite (white). The chromite grains are cut by 

VEINS OF SERPENTINE AND TREMOLITE, WHICH REPRESENT EARLIER SILICATES 

Natural SIZE. 

a greenish-white mineral, the acicular crystals of which locally have a 
radial fibrous arrangement; W. T. Schaller identifies this as tremo- 
lite, which readily alters to serpentine, with which it is intermingled. 
In a thin section, the clear, acicular crystals have the distinct cleavage 
of hornblende, and their occurrence in veins cutting the nodules of chro- 
mite shows that the tremolite is secondary. In this respect it is like 
the serpentine with which it is associated; both form veins in the, chromite. 
The original silicate from which the tremolite is derived was probably 
pyroxene. Judging from the structure, the primary silicates appear to 
be younger than the chromite nodules, which they enclose. In one 
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part of the mine of the Placer Chrome Co. the ore is nodular, grad- 
ing into compact. The groundmass of the internodular spaces is 
serpentine, from altered tremolite. These nodular forms strongly sug- 
gest the chondrules of meteorites, described by MerrilP and others. 
It is a matter of surprise, however, that in meteorites the chondrules 
are commonly enstatite and olivine; chromite, although present in many 
meteorites, is not reported as forming distinct chondrules. 

The nodules of chromite, being granular, show no evident concentric 
or radial structure such as characterizes many concretions. The 
weathered surface of nodular ore is generally very rough, as in Fig. 2, 


Fig. 10. — Banded struotuee in disseminated chrome obb; white is serpentine. 
L. & M. MINE, Nevada City, Calie. Natural size. 

which represents a lens of nodular ore 4 ft. (1.2 m.) 'long and 1.5 ft. 
(0.45 m.) thick, projecting from an exposure or a steep slope of serpen- 
tine. The nodules are abundant in some portions of the Coggin mine, 
and range in size from a pea to a hazel nut, although generally lenticular 
in form. They appear to contain about 45 per cent, chromic oxide but 
may be of higher grade, for C. B. Kinney,® chemist of the Sawyer Tan- 
ning Co., of Napa County, Calif., found nodules of chrome ore from that 
region to contain 51.20 per cent, chromic oxide. 

Banded Structure . — In many bodies of ore the chromite is arranged 
in parallel sheets or layers, alternating with those of olivine, pyroxene, 

^ U. S. National Museum BulL 94 (1916) 18-20. 

« Communication to the tJ. S. GeoL Survey, Oct, 18, 1917 
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or serpentine, so as to produce more or less distinct banding. In dis- 
seminated ore the bands are thin, irregular, and of small lateral extent, 
but in more compact ore the bands range in thickness from in. or less 
to several feet. Fig. 10 illustrates disseminated chrome ore with incipi- 
ent banding. The rock is reported to contain about 15 per cent, of ore 
and occurs in a belt 30 ft. (9.1 m.) wide a few miles west of Nevada City, 
Calif., where it is crushed and concentrated, I am told, to about 36-per 
cent, ore for market. 

Figs. 3 and 4 illustrate opposite sides of a hand specimen of banded 
chrome ore from Sexton Peak, 12 mi. (19 km.) north of Grants Pass, 
Oregon. The largest and richest layer 
of ore, Fig. 3, contains many small 
particles of olivine, and in Fig. 4 the 
interfingering of the chromite and olivine 
illustrates the lateral passage of a layer 
of chrome ore into the country rock. 

In Fig. 11 the small bands are much 
more distinct, and Fig. 12 illustrates 
the structure of a larger layer of com- 


Fxg. 12. 

Fig. 11. — Banded disseminated chrome ore, Sexton Peak, Oregon. Black is 
chromite; white, olivine. Natural size. 

Fig. 12.— Banded structure in compact chrome ore, Sexton Peak, Oregon. 
White streaks are cross-fiber veins op serpentine. Natural size. 

pact ore from the same mine penetrated parallel to the banding by 
small cross-fiber veins of serpentine, which are also banded parallel to 
the banding of the ore. 

The most remarkable bodies of banded chrome ore occur in Siskiyou 
County in a mass of peridotite extending from Scott Kiver, above Scott 
Bar, northwest across Klamath River and Sciad Creek, into Oregon. 
This area is about 25 mi. (40 km.) long and in places 3 to 6 mi. (4.8 to 
9.7 km.) in breadth. ’ It embraces many claims, of which six or more 
groups have developed active mines. The characteristic ores are illus- 
trated by Pig. 13, representing a sample from the Red Butte mine 
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operated by Reichman and Milne, 3 mi. southwest of Scott Bar. At 
Red Mountain, the belt of intermingled layers of chrome ore and olivine 
or serpentine is, in places, about 15 ft. (4.5 ni.) thick and has been traced 
north and south, with a number of interruptions, for several miles. 

From the Octopus mine, looking 
north along the slope of Red Butte 
(Fig. 14), the jointed (1) and banded 
(2) structure of the peridotite is well 
illustrated. The jointed structure (1) 
dipping easterly subdivides the rock so 
that it appears stratified. The fine 
banded belt (2) is much less distinctly 
marked and contains relatively small 
bands of chrome ore. There are several 
parallel ore belts in the Red Butte region, 
all of which have afforded promising 
prospects, and in August, 1918, these 
were undergoing rapid development. 
Locally, in the same region, the struc- 
ture of the ore is nodular, but this is 
exceptional. 

Relation of Magnesite 

The ‘simplest form of association be- 
tween chromite and magnesite is illus- 
trated in Fig. 15, which represents some 
banded ore of the Jumbo prospect in 
the Red Butte region. The four Ksolid 
layers of chromite are cross- jointed and 
the joints are filled by a film of mag- 
nesite. Each layer has its own cross- 
jointing, which recalls that of dikelike and 
veinlike masses seen in the Red Mountain 
mine of Tehama County, and elsewhere. 

Veins of magnesite occur occasion- 
ally in deposits of chromite; the best 
I haye seen are in the Red Mountian 
region of Fresno County, Calif. A most 
interesting association of magnesite and 
chromite was noted in a banded specimen (Fig. 16) from a chrome 
mine 6 mi. south of Newcastle, Eldorado Co., Calif. Chromite with a 
very small amount of magnetite forms the dark layers, while the white 
layers are magnesite. In a thin section the chromite is seen to be full 
of fractures, which are filled with magnesite. The chromite is the oldest 


Fig. 13 . — Banded stpugtueein 

COMPACT CHEOMI3 OEE, ReD BuTTB, 

Siskiyou Co., Calif. White 

STREAKS ARE BANDS OF OLIVINE 
AND SERPENTINE. NaTTJRAL SIZE. 
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and the only primary mineral of the specimen, and the magnesite ap- 
pears to replace the peridotite with which the chromite was originally 
interbanded. The occurrence is of no economic importance, but tends 



O iq o METERS O S IQ CENTIMETERS 

Fig. 14. Fig. 15. 

Fig. 14. — Jointed (1) and banded (2) structures in the peridotite of Red 
Butte, looking north prom the Octopus mine. 

Fig. 15. — Cross-jointed layers of compact chromite; joints filled with pine 

WHITE FILMS OP MAGNESITE. 

to show the primary character of the bands of chrome ore. Vogt^ has 
clearly illustrated and described various forms of banded structure in 



Fig. 16,--Banded chrome ore, Placer mine, Mew Castle, Calif. White is 

MAGNESITE. NATURAL SIZE. 

Norwegian chrome ores, and observes that one set or type of chrome-ore 
bands may transect another set formed at an earlier stage of development. 

Zeit. prak. ^eoZ. (Oct., 1894) 2, 390-391. 
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Deformation 

There is abundant evidence that deformation, accompanied by more or 
less displacement, has occurred in the deposits of chromite since they were 
formed. In the solid massive peridotite, as shown by Van Fleet’s sections 
of the Castle Crags orebody,® the displacement is relatively small, produc- 
ing distinct slickensides but without deformation; but where the rocks are 
altered into serpentine, which is particularly fissile, slippery, and readily 
susceptible to readjustment under earth stress^, the displacement may 
be large and cause the fragmentation and separation of deposits into 
distinct smaller bodies. Bands of solid oi'e raised to a nearly vertical 
position may have cross-jointing well developed so as to make the mass 
closely resemble an intrusive dike or vein. 

Banded ores are in some places folded without fracture in a way to 
indicate plasticity of the rock matter at the time of deformation. Joints 
and other fissures of the compact ores in northern Shasta County, Calif., 
and elsewhere, are locally coated with green chrome garnet or purple to 
pink chrome chlorite, and subsequent rock movements have polished 
some of these brightly colored surfaces- It appears that the orebodies 
have experienced several epochs of folding or faulting, and that the one 
just referred to, which is so conspicuously marked on some of the Rho- 
desian ore, is perhaps the result of the smallest and latest earth movement. 

Origin of Chromite 

The works of Rosenbusch (1873) contain about the earliest reference 
to this subject; the translation of his work by Iddings® (page 126), 
states that "chromite is common in crystalline rocks rich in magnesia. 
In these it belongs to the oldest secretions, like magnetite, and is therefore 
usually inclosed in the next oldest constituents, especially in olivine. 
Chromite is also widely disseminated in the magnesian rocks of the 
Archaean formation, particularly serpentine.” 

As crystalline grains, chromite is widely disseminated in poridotites 
and serpentine; in addition to this practically uniform distribution, 
there is a local irregular distribution into more or less well defined ore- 
bodies, varying greatly in size, structure, and chemical composition. The 
widespread chromite grains arc considered by most observers as a product 
of earliest crystallization, preceding that of the olivine and jiyroxene in 
which it is, in many cases, clearly included. Perhaps this early crystalli- 
zation of chromite may be a fractional crystallization at an early stage 
of the differentiation of the pcridotitic magma. On the other hand, the 


®Fig. 5a, 6, c, 

«H. Rosenbusch: Microscopical Physiography of Rock-making Minerals, 1886. 
Translated by J- P. Iddings, 1893. 
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bodies of chrome ore may be regarded as a product of a later and more 
complete differentiation. In the Klamath Mountains the bodies of 
chromite, although sometimes associated with saxonite, an early phase in 
the scale of magmatic differentiation, are commonly associated with 
dunite or pyroxenite of a la.ter phase of magmatic differentiation. 

Vogt,^° who was one of the first to give special consideration to the 
origin of chromite deposits, has shown that in the Norwegian occurrences 
chromite in large masses generally represents purely magmatic separa- 
tions in peridotite magmas, and that in all cases the chromite appears 
to be the earlier consolidated constituent. 

Lindgren,^^ while apparently accepting Vogt^s opinion as to many 
chrome orebodies, remarks that part of the ore may be secondary, 
being developed, together with magnetite, during the process of serpen- 
tinization from primary chromite, picotite, and chrome diopside. In 
the Klamath Mountains, the abundance and large size of the chrome 
orebodies associated with fresh dunite, pyroxenite, and saxonite, shows 
clearly that these orebodies are primary, and antedate the serpentiniza- 
tion. The same origin is ascribed to the bodies of chromite inclosed in 
serpentine, although it is clear that much of this ore has been fractured, 
sheared, and displaced by stresses developed in the formation of serpen- 
tine. How much, if any, of the primary chromite may have been dis- 
solved in the process of serpentinization and redeposited as chromite is 
not easily determined. However, at most it appears to be of small quan- 
tity even as compared with the secondary silicates developed. Clarke 
remarks When a peridotite alters to serpentine, the refractory chromite 
remains unchanged.’* 

Lindgren observes, ^'It is noteworthy that during the weathering 
of chromite few chromium silicates are formed, while nickel silicates 
often develop.” This might well be expected from the great chemical 
stability of chromite. Chromium, unlike iron, appears to have no hy- 
drous chromic oxide corresponding to limonite, which is so abundant in 
nature, especially among the products of weathering. Unlike copper, 
it has no carbonate readily formed under the influence of surface weather- 
ing; nor is it like nickel as noted by Lindgren. In the case of chrome 
silicates, however, their origin, to be noted presently, appears to be deeper 
seated than ordinary weathering and aids in understanding the primary 
character of chromite. 

Among the chrome silicates occasionally found with chromite are 
chrome diopside, chromiferous muscovite (fuchsite), chrome garnet 
(uvarovite), and chrome chlorites (kotschubeite and kammererite) . 
Chrome diopside is reported at only one locality in the Klamath Moun- 

Zeit prak. geol. (1894) 2, 3S4-394* 

W. Lindgren: ^'Mineral Deposits,” 747. N. Y., 1913. McGraw-Hill. 

“ F. W. Clarke: U. 8. Geol. Survey BvU. 616, 3d edition, 344.! 
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tains, where, judging from the thin section, it appears to be associated 
with pink chrome chlorite, of secondary origin, derived from the altera- 
tion of the chrome diopside, which appears to be a primary part of the 
rock structure. The rare occurrence ©f chrome diopside with chromite 
is remarkable. 

Uvarovite occurs in well defined bright green crystals at the Red 
Ledge mine, 2 mi. southwest of Washington, in Nevada County, Calif. 
It occurs in many other localities as a thin chrome- green coating, and is 
clearly of late secondary origin. 

Chrome chlorite was abundant in the surface portions of the large 
body of chromite won at the Castle Crags mine in Shasta County, Calif., 
and also in the Deer Creek mine, Wyo., where some good crystals 

SW. RED BUTTE NE 



Fig. 17.— la, Hoekblendb gneiss; streaks or black hornblende mingled 

WITH A SMALLER AMOUNT OP PLAGIOCLASE AND A LITTLE QUARTZ J IT CONTAINS 
DARKER BANDS OP No. 2. &, HoBNBLENDB-PYROXBNE ROCK, FORMING BANDS IN THE 

HORNBLENDE GNEISS! THE PYROXENE CONTAINS MANY INCLUSIONS OF HORNBLENDE. 
2, GnEISSOID PERIDOTITE, IN THE BASAL PORTION OP WHICH ARE THIN LAYERS OP 
HORNBLENDE-PYROXENE ROCK. C, <i, MaSSIVE OR SCHISTOSE-OLIVINE ROCK, CONTAIN- 
ING THE BELTS OP BANDED CHROME ORB (e) OF BeD BuTTE. 

occur lining cavities in the ore, evidently being secondary; so also is the 
associated wolchonskoite. 

The banded ores of the Hamburg region of Siskiyou County, Calif., 
throw an interesting light upon the origin of chromite. A general section, 
Fig. 17, approximately northeast and southwest across Red Butte to 
Scott River, disclosed the relation of the banded chrome ore to the under- 
lying gneiss,^'* which is well exposed along the Scott River road for 6 

The specimen was handed me by J. F. Dwyer, of Yreka, who said that it came 
from the Ewing property, southwest of Yreka, Sec* 24, T. 44 N., R. 8 W., Siskiyou 
County, Calif, (See Fig. 21.) 

The term gneiss is here used as defined by Van Hise, XJ. S. Geol. Survey Mono* 
graph 47, 782-783, « The term gneiss is defined to apply to a banded rook the bands 
of which are petrographically unlike one another and consist of interlocking mineral 
particles,” * . 
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mi. above Scott Bar. The general parallelism and structural similarity 
of the banded chrome ore and peridotite to that of the underlying gneiss 
are evident, and strongly suggest that the banding of the ore is a gneis- 
soid structure, determined by the same conditions that caused the gneissic 
structure in the underlying rocks. No definite contact was found be- 
tween the hornblende gneiss and the gneissoid peridotite, but the pres- 
ence of dark bands of hornblende-pyroxene in both gneissic rocks is 
evidence of their similar and practically contemporaneous origin. It 
should be noted, however, that the gneissoid structure does not appear 
so prominent in the upper portion of Red Butte as it is in the underlying 
hornblende gneiss. It is least conspicuous in dunite, but this may be 
due to the predominance of olivine, for in small bands of pyroxene travers- 
ing dunite the elongation and alignment of the interlocking grains of 
pyroxene is decidedly more conspicuous than that of the adjoining olivine. 

Although the Hamburg serpentine area contains the most extensive 
and conspicuous banded chrome ore yet reported, there are other ser- 
pentine masses in the Klamath Mountains and elsewhere, as already 
noted, that contain banded ore. At tie chrome mine on Sexton Peak, 
north of Grants Pass, Ore., it is well developed; also about Red Mountain, 
near the head of Swift Creek in Siskiyou County, California. 

The grains of chromite in the ore bands alternating with bands of 
olivine or pyroxene are scarcely longer in a direction parallel to the band- 
ing than in other directions. In the case of olivine, however, the grains 
are longest parallel to the banding, and the granular structure is in general 
the same as that of the gneissoid banded ore of the Hamburg region. 

The relation of the banded chrome ore to the associated gneiss indi- 
cates that many of the chrome-ore deposits originated under the same 
conditions that induced the development of the associated gneiss. 
Van Hise, in considering gneiss, recognizes it as a structure which may 
be developed in rocks of igneous origin as well as of sedimentary origin, 
and ascribes the structure to crystallization under differential stress of 
sufficient intensity to control the direction of crystal growth. No dis- 
tinct evidence has as yet been observed in the banded chrome ore of the 
Klamath Mountains to indicate that ic is not primary. Furthermore, 
slight change of stress during the progress of development may fracture 
ore bands and associated rocks formed during an early stage and permit 
them to be cut by bands intruded during a later stage of development. 

The views considered thus far are those that grew mainly from the 
work of the German petrographers, but within the last decade the views 
of French investigators, especially those of De Launay^® as advanced by 
Singewald^® have attracted attention. Singewald refers to the work 


De Launay: ^^Gitos Min6raux et M6tallif^res,^^ 1913. 

Magmatic Segregation and Ore Genesis. Min. and Sci, Ft. (1917) 114, 733-736. 
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of Tolman and Rogers, and emphasizes the effect of mineralizers in the 
later stages of magmatic or subsequent hydrothermal segregation, es- 
pecially of ore deposits. While many authors consider that there is a 
sharp distinction between magmatic and hydrothermal deposits, the 
French school recognizes a complete gi'adation or transition from purely 
igneous deposits to hydrothermal veins, and ascribes a large influence to 
mineralizers. 

The segregation of oxidic ores, especially of chromite, while most 
common near the mass borders of theff enveloping igneous rock, occurs 
throughout its body but is rarely found on its contact. Daly^® notes 
a body of chrome ore on the lower contact of a laccolith as if differentiated 
by gravitation, and Bowen, after a special study of differentiation, says 
“The decision is reached that this differentiation is controlled entirely 
by crystallization. The sinking of crystals and fciie squeezing out of 
residual liquid are considered the all-important instruments of differen- 
tiation and experimental evide ice to show that under the action of these 
processes typical igneous rocks series would be formed from basaltic 
magma if it crystallized (cooled) slowly enough.” 

As remarked by Singewald,=‘> “There are so many admirable illus- 
trations of gradation from rock with feeble concentrations of. metallif- 
erous minerals to important orebodies (and this is true of chromite as 
well as other ores) that no particular significance has been attached to 
tne observation that ore- minerals are often later than the silicates. 
This sequence, in many cases, appeal’s certain, especially with reference 
to sulfide ores. Singewald suggests studying the genesis of chrome-ore 
deposits with the possible influence of mineralizers in mind, and ap- 
parently anticipates that they will finally be found in harmony with the 
deposits of other ores. However, he recognizes that deposits of chromite 
“now seem to be an exception and to represent a direct segregation as 
the first product of ci’ystallization from a molten magma.” 

In considering the genesis of chromite from the viewpoint of the sulfide 
ores, as advanced by De Launay, it should be borne in mind that terres- 
trial sulfides of chromium are unknown,®^ although as daubrcclite it occurs 
in meteorites. Clarke has estimated that chromium constitutes about- 
0.03 per cent, of the lithosphere, and it exists almost wholly in chromite, 


C. P. Tolman, Jr., and Austin F. Rogers: A Study of tUo Magmatic Sulfido Ores. 
Stanford Univ. Pub. 26, 1916. Min. and Sd. Pr. (1917) 114, 560. 

A. Daly; “ IgncousRocks and Their Origin,” 455. N. Y., McOraw-IIill, 

1914. 

N. L. Bowen: Later Stages of the Evolution of the Igneous lloeks. Jnl. Oeol. 
(1915) 23, supplement, 90. 

Joseph T. Singc-wald, Jr.: Magmatic Segregation and Oro Genesis. Min. atid 
Sci. Pr. (1917) 114, 733-736. 

F.W. Clarke: U. S. Geol. Survey B-iM. 616, 696 and 697. 
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which, as he remarks, occurs almost exclusively in sub-silica rocks and is 
distinctively a magmatic mineraL Chromite is one of the most refractory 
and insoluble of minerals and the process of its artificial production, as 
noted by Clarke, appears to throw but little, if any, light upon its genesis 
in natiire. 

It has lately been stated by J. B. Platts^^ that there are many commer- 
cial bodies of chromite in Del Norte and Siskiyou counties, Calif., 
that are undoubtedly fissure fillings in the ordinary sense.'' He is of the 
opinion that some of the orebodies are of magmatic origin but thinks 
those referred to are exceptional. This view I have not been able to 
confirm, possibly because I may not have seen the deposits referred to, 
although I saw nearly all of the deposits operated in 1918 within the 
counties mentioned, especially the large deposits. 

It is evidently a matter of prime importance to determine the relative 
order of crystallization of chromite and the ferromagnesian silicates, 
olivine or pyroxene, in the orebodies. For this purpose a microscopical 
study has been made of a number of thin sections from various parts of 
California and Oregon. 

The body of chromite mined at the Castle Crags mine, on Little 
Castle Creek, 3 mi. south of Dunsmuir, Calif., is the largest single body of 
chrome ore yet discovered on the Pacific Coast. It occurs chiefly in 
pyroxenite and dunite, the two extreme differentiation products of peri- 
dotite, which occupies a large area in that region. Much of the peridotite 
has been changed to serpentine, but a large portion, chiefly pyroxenite 
and dunite, but with considerable saxonite, is still fresh in contact with 
the body of chromite. Fig. 5, a, 6, c, represents sections of the orebody 
intrusions of the country rock into the orebody are noteworthy. Figs. 
6, 7, 18, and 19 are thin sections of ore from that body, and illustrate the 
relation of chromite to olivine and pyroxene. 

In attempting to apply to the problem in hand, we appear to be met at 
the outset by the fact that the rock masses inclosing important bodies of 
chrome ore are all of plutonic origin. A corresponding type of effusive rock 
is lacking, unless it be represented by a portion of those basalts which 
carry a small amount of chromite either as single regular crystals or 
groups of crystals included in the silicates, chiefly olivine. 

Some information concerning the order of crystallization may be 
gained by a study of the lines of contact between the grains, especially 
with reference to the crystallographic lines, euhedrism of one mineral 


Personal communication, May 23, 1919. 

Min, and Sd. Pr. (1917) 114, 872. A similar view was published in U. S. Geol, 
Surv'ey Folio 101 (1904) by H. W. Fairbanks, concerning the chromite deposits of 
San Luis Obispo County, Calif. 

J. S. Diller: Chromite in 1916. U. S. Geol. Survey Mineral Besowces^ 1916 
pt. I, 29-*30. 
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against another, the indentation of one mineral by another, and the com- 
plete inclusion of one mineral by another, but the only safe conclusion, as 
pointed out by Bowen, is as to the order in which minerals ceased to 
crystallize. 

• In Pig. 18, the net of serpentine (white), which includes the chromite 
(black), is derived from pyroxene, which was the last mineral to crystal- 
lize. The chromite includes many minute particles of serpentine, which 
locally have a more or less well defined zonal arrangement with reference 
to the outline of the including grain, which, as it grew, enveloped the 



Fig. 18. — Thin section of chrome ore from Castle Crags mine, Donsmuir, 
Calif. Anhbdhal chromite (c) with numerous zonal inclusions of small 
white pabttclbs of serpentine, representing silicates op early crystalliza- 
tion, AND enveloped BY A NET OF SERPENTINE (s) DERIVED FROM A SILICATE OF LATE 
CRYSTALLIZATION. X 15. 

inclusion. That the included particles were crystallizing at the same time 
as the chromite is suggested by the fact that some of the grains of chromite 
have no inclusions toward their centers but many inclusions nearer their 
borders. The included particles are generally anhedral; however, many 
of the larger ones, about 0.006 mm. long and 0.002 mm. broad, have 


L. Bowen: Order of Crystallization of Igneous Rocks. JnL (leol. (1012) 
20,457-468. ■ 
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straight sides, as if euhedral, and are arranged with their longer axes 
parallel to the zonal structure. These inclusions are now serpentine, 
apparently derived from original pyroxene of early crystallization. 
These early silicates, included in the larger grains of chromite, themselves 
enclose many smaller particles of chromite and dustlike particles, which 
appear to be chromite, perhaps the first products of crystallization. ‘ 
The crystallization of the chrome ore of slide No. 8 may be represented 
as follows 


C 


S 

C rys ta lliza tion 
Ended 


C representing chromite, and S silicates. While a part of the chromite 
crystallized before the silicates and some of the silicates crystallized after 
the chromite had finished, most of the chromite and a smaller proportion 
of the silicates were practically contemporaneous in crystallization. 

A sample of disseminated ore (Sec. 12) from the Castle Crags mine 
is represented in Fig. 6. The grain of chromite near the middle of the 
figure is decidedly roundish and deeply indented by projections of the 
olivine groundmass, of which one portion, containing a grain of olivine in 
serpentine, looks as if wholly surrounded by^ chromite; but the particles 
are anhedral and the lines from the indenting olivine indicate that it 
is connected with a projection of olivine from outside the plane of the 
section. There are some small included particles in the chromite similar 
to those of Fig. 18, but much less abundant. The fractures in the olivine 
(Fig. 6) are locally curved about the chromite grains, suggesting flow 
structure; the general relations here appear to be essentially the same 
as those of Fig, 18. 

At another point the disseminated ore in the Castle Crags mine con- 
tains a roundish grain of chromite (Fig. 19) . It is indented by projections 
from the surrounding groundmass of pyroxene and olivine, which nearby 
contains euhedral crystals of chromite. The crystals of chromite afford 
strong evidence that they are of early crystallization, perhaps antedating 
most of the particles of silicates by which they are inclosed. The small 
particles of silicates, now serpentine, inclosed in the larger grains of 
chromite show that the crystallization of silicates began early and 
apparently continued after the chromite was completed. A large part 
of both chromite and silicates may have crystallized contemporaneously. 

Graphic method suggested by N. L. Bowen. Loc, alt 
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The grains of disseminated chrome ore in Fig. 20 are largely enhedraP*^ 
and enclosed in olivine which is partly altered to serpentine; the greater 
portion of the chromite crystallized before the olivine. The small 
irregular particles of original silicates (now serpentine) included in chromite 
may have crystallized slowly, while the chromite proceeded more rapidly 
to completion, w^hich was followed by the crystallization of most of the 
silicates. 



Fig 19 —Thin section of chrome ore riiOM Castle Crags mine, Dxinsmuir^ 
Calip ' Anhedral chromite indented and included by pyroxene which in- 
cludes ALSO SMALL CRYSTALS OP BUHEDRAL CHROMITE. X 15. 

About 6 mi. southwest of Yreka, toward Fort Jones, there is a 
remarkable chrome orebody.^® The thickly set grains of lustrous black 
chromite form about 60 per cent, of the rock, and the interspaces are 
filled with brilliant green chrome diopside tinged here and there by a pink 


27 This general relation of the silicates and euhedral chromite., shown in Fig. 20, 
is well illustrated by others. See Vogt, Zeit prak, geoL (1894) 2, 389; R, Beck: 
''The Nature of Ore Deposits, translated by W. H. Weed, 29, 1905; N. Wyssotzky: 
''Die Hatinseifen gebirge, von Iss und Nischny, Tagil iin XTraV 1913, plate VIII, 
No. 3 and 4, plate IX, No. 3, plate X, No, 1. In F’ig. IX he shows (uihedral chromites 
including anhedral platinum and itself included in groundmass of anhodral platinum. 

2s Sample was given me by J. F. Dwyer, ol Yreka, and was said to come from 
Mr. Ewing’s property, sec. 24, Ts 44 N., R. 8 W. 
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chrome chlorite derived from the alteration of the diopside. In the thin 
section, Fig. 21, the chromite is seen to be limited at a number of places by 
straight lines— crystal boundaries— and in so far is euhedral ; but the inter- 
ferent crystallization of the chromite icself prevented the development of 
perfect crystals. The crystallographic planes of the chromite appear to 
indent and limit the pyroxene which was, at least in part, the last mineral to 
crystallize. The diopside is fresh and appears to be of primary origin. 
If so, one wonders why chrome diopside is not a more common pyrox- 
enic associate of chromite. The veins of chrome chlorite, tremolite, 



Fig. 20.— Elihedkal chromite included and indented by anhedral olivine. 
SciAD (Dolbear) mine, Klamath IIiver, Calip. X 15. 

and chrome garnet, which appear to be of hydrothermal origin, cutting 
fresh unaltered masses of chromite, relegate the chromite they penetrate 
to an earlier stage of developement, that is to the magmatic stage. 

Summary Regarding Characteristics and Origin of Chromite 

Deposits 

1. In the Klamath Mountains, areas of peridotite and serpentine are 
numerous, the serpentine being derived wholly from alteration of peri- 
dotite. 

2. The various phases of peridotitic rocks are products of differeintia- 

VOL. LXIII.— 9. 
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tionfrom a common magma, and range from normal peridotite, composed 
of olivine and pyroxene (with accessory chromite and magnetite) , to 
pyroxenite, in which the silicate is wholly pyroxene, or to dunite, in which 
the silicate is wholly olivine. 

3. Both peridotite and serpentine contain not only disseminated 
grains of chromite, but segregated bodies commercially interesting as 
sources of chromite. These orebodies may have resulted from the differ- 
entiation of the magmatic mass. 



Fio. 21.— Etjhbdral chromite included and indented by pyroxene (chrome 
diopside). Irving property, northeast oi’ Yreka, Calif. X 15- 

4. Grains of chromite, whether singly or in aggregates, may be 
euhedral (bounded wholly or partly by crystallographic faces) ; but most 
of them are anhedral, having crystallized under conditions of interference 
which prevented the development of crystal faces. 

5. The chromite bodies, where unmodified in form, in some deposits 
are irregular, lens-shaped, short and thick, while in others they are rela- 
tively thin, long, and broad, resembling sheets or layers. 

6. The structure of these deposits may be even granular, nodular, or 
banded, according to the distribution of the ore with reference to associ- 
ated silicates. 

7. In the even granular structure, the chromite grains are distributed 
throughout the associated silicates with approximate uniformity; in 



J. S. DILLEE 


131 


nodular ore the grains are segregated in nodules resembling concretions; 
and in banded ore they are arranged in bands alternating with bands of 
silicates. 

8. The magmatic origin of chromite is generally conceded, but its 
exact place in the continuous series of events, beginning with crystalli- 
zation in the magma and ending with hydrothermal action, may be 
uncertain. 

9. Evidence concerning the proportion of crystallographic forms indi- 
cates that the generally accepted view, that chromite is one of the earliest 
minerals to begin to crystallize in a magma, is probably correct. 

10. The earliest chromite was soon followed by the crystallization 
of small particles of silicates. 

11. The crystallization of chromite and silicates proceeded together, 
but the chromite crystallized more rapidly than the silicates, which it 
enveloped, and thus completed its crystallization before the silicates. 

12. The final crystallization of silicates took place after that of the 
chromite was completed, and filled the remaining spaces. 

13. While it is true that chromite is the earlier product of crystalli- 
zation and the silicates, olivine and p 3 aoxene, the later, it must be re- 
membered that they are largely contemporaneous, as shown by their 
mutually interlocking anhedral boundaries. 

14. Bowen^^ has reached the conclusion that differentiation is con- 
trolled entirely by crystallization and states that “the sinking of crystals 
and the squeezing out of residual liquids are considered the all-important 
instruments of differentiation.” 

15. The chromite deposits resulting from magmatic differentiation 
under the controlling factors noted above, which may be considered as 
producing even granular bodies, may be greatly modified by the opera- 
tion of other concurrent or subsequent factors causing variations of 
original forms, as well as later deformation or displacement. 

16. The nodular ore appears to be simply concretionary, but the 
special form of serpentine and of tremolite associated with the nodules 
suggests unusual local conditions different from those which generally 
prevail. However, the order of development of chromite and silicates 
appears to be the same as elsewhere. 

17. The banded ore, where best developed, is closely related to gneiss 
and the structure of both has the same origin. 

18. As urged by Van Hase,®“ the gneissic structure may be developed 
by differential stress during, the slow cooling and crystallization of an 
intruding magma. 

19. The variations in the differential stress may fracture a crystallized 


** N. L. Bowen: Jnl. Geol. (1915) 23, supplement. ’°Loc. ciJ. 
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mass of ore or peridotite aud intrude into it ore which, in the process of 
differentiation, has not yet fully solidified. 

20. No conclusive evidence has been seen by the writer anywhere 
indicating the secondary origin and ‘deposition of chromite. It is some- 
times residual, but has always appeared of primary magmatic origin. 

21. The magmatic origin of the sulfide ores, as well as of ilmenite and 
magnetite, advocated by Tolman and Eogers,®^ and ably seconded by 
Singewald,*^ has been regarded by these authors as indicating that 
chromite belongs in the same category j that is, that chromite was gen- 
erally formed later than its associated silicates, and that its development 
was rendered possible by mineralizers at a late magmatic stage. 

To the writer, it appears that while much of the chromite and silicates 
crystallized at about the same time, some of the chromite appeal’s to be 
earlier than the earliest silicates and much of the silicates is later than 
all the chromite, thus essentially confirming the views of Vogt, Beck, 
and Wyssotzky.®* 

DiSTEBBUTION op ChEOMITE IN’ THE UNITED STATES 

As shown in Fig. 22, the chromite regions of the United States are 
associated with the great mountain belts of the Atlantic and Pacific 
coasts and the Rocky Mountains, in California, Oregon, Washington, 
Montana, Wyoming, Pennsylvania, Maryland, and North Carolina. 


California 

The occurrence of chromite is limited practically to those mountain 
ranges that contain masses of basic intrusive rocks belonging to the 
peridotite group, which were involved in the development of the Sierra 
Nevada and Coast Ranges of California, and the Klamath Mountains of 
California and Oregon. 

The Sierra Nevada . — The Sierra Nevada is a groat tilted block moun- 
tain 375 mi. (603 km.) long and 70 mi. (113 km.) broad, having a short steep 
slope to the east but a long gentle slope to the west. The higher portion 
is composed mainly of granitic rocks, but the middle and lower western 
slopes of the northern part are of sedimentary rocks, chiefly Carboniferous. 
They are cut by a belt consisting of numerous masses of peridotite, which 
are largely changed to serpentine and at many places contain bodies of 
chromite. Proceeding northward along the range from Tulare County, 
chromite is mined in the following counties: Fresno, Mariposa, Tuolumne, 
Calaveras, Amador, Eldorado, Placer, Nevada, Sierra, Butte, and Plumas; 


n Log. eit, 68. , ” 

5® N. ’Wyssotzky: “Die platinsoifen gobirge, von Iss und Niaolmy, Tagil im Ural,” 
pi. VIII, 3 and 4, XI, 3 and 4, X, 1. 
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Pis. 22. — Map op the United States showing chbomitb locaiiHtbs in Caupornia, Oregon, Washington, 
Montana, Wyoming, Pennsylvania, Maryland, and North Carolina. 
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the total shipped production in 1918 was of 30,810 short tons, with an 
unshipped stock of 14,424 tons, making the total 1918 output of the Sierra 
Nevada 45,234 short tons. 

Eldorado is the ranking county of the state; it shipped 14,243 short 
tons in 1918 and reports 7112 short tons on hand. The three most 
important mines of the county are the Placer Chrome, Pilikin, and 
Latrobe. Much of the ore is concentrated to high grade. 

The Coast Range . — This range, from Santa Barbara to the mouth of 
the Klamath River, has a length of about 560 mi. (901 km.) and a width 
of about 30 mi. (48 km.), passing through more than 12 counties. It 
is composed of igneous and sedimentary rocks of the Franciscan series, 
of Mesozoic age. The rocks have been greatly crushed; the basic intru- 
sives, having been altered to serpentine at many points, contain notable 
bodies of chromite. The California state council of defense, cooperating 
with the U. S. Geological Survey, examined and reported on 166 chrome 
deposits in the Coast Range, of which 73 were producing mines with a total 
output of 18,805 short tons of chromite sold and shipped in 1918. The 
three principal producing mines of the Coast Range, the Castro, the 
Manzanita, and the Pick and Shovel, are all in San Luis Obispo County. 

The most southern deposits are in Santa Barbara County, northwest 
of which is the large rich chrome field of San Luis Obispo, which has been 
worked at intervals for a number of years. The geology of this field has 
been mapped and described by H. W. Fairbanks.®* 

The chrome-bearing rocks are of the normal types of peridotite and 
pyroxenite, largely changed to serpentine. They occur in relatively long, 
narrow, irregular, dike-like masses in which the stringers and bunches 
of chromite are more or less irregularly distributed, and disconnected. 
North of San Luis Obispo, these are important producing centers in 
Santa Clara, Stanislaus, Alameda, Napa, Sonoma, Lake, Mendocino, and 
Humboldt Counties. 

Owing to the sudden collapse of the chrome market at the close of 
the war, many producers were left with large stocks of ore on hand, 
amounting in all to 7859 tons, making a total production of 26,164 short, 
tons for the Coast Range. More than three-fourths of this total came 
from San Luis Obispo County, which shipped 11,127 tons of ore and 
still has several thousand tons in stock. 

The Klamath Mountains 

The Klamath Mountains of northwest California and southwest 
Oregon, outlined in Fig. 23, have a length north and south of 260 mi. 
(418 km.), 170 mi. (274 km.) in California and 90 mi. (144 km.) in Oregon. 
Their average width is about 80 mi. (129 km.). 

S. a«ol. Survey Folio 101 (1904). 
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The eastern boundary is sinuous against the lavas of the Cascade 
Range. The western border is a long shallow curve with its middle por- 
tion along the coast between the Rogue and Klamath rivers. The north- 
eastern limb of the curved border, overlapped by the Coast Range of 
Oregon, trends toward the Blue Mountains, while the southeastern limb, 



Fig. 23, — Map op the Klamath Mothsttains, sHOWiiirG location op serpentine 
AREAS AND chromite DEPOSITS, 

overlapped by the Coast Range of California, trends toward the Sierra 
Nevada, indicating the ranges to which the Klamath Mountains are most 
closely allied. 

The geological survey of the Klamath Mountains is not yet complete, 

lilt bedding aad Weaverdfe quadrangles ^ 
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Pass quadrangles of Oregon have been finished. Much of the middle 
portion of the Klamath Mountains has been traversed in considerable 
detail, so that the prevailing formations are. known and their general 
distribution outlined. They are composed of rocks that are older and 
more complicated in structure than those of the Coast Ranges of Cali- 
fornia and Oregon, and are closely related, in materials and structure, to 
the Sierra Nevada and the Blue Mountains. 

The map of the Klamath Mountains displays two broad belts of the 
same or closely related rocks, of which the most ancient, pre-Cambrian 
crystalline rocks, mica and hornblende schists, in the western belt form 
the South Fork Mountains, and in the eastern the bulk of the Salmon 
Mountains. In a general way these two belts define, by their eastern 
borders, broad stretches of Paleozoic rocks including many areas of 
slates, sandstones and limestones, apparently of Silurian and Carbonif- 
erous age, besides great volumes of Paleozoic volcanic rocks and later 
intrusives of both acidic and basic types. The acid types are represented 
by various forms of granitic and dioritic rocks, while the basic types are 
gabbros and peridotites. 

Peridotite alters to serpentine, and whether fresh or altered it is 
generally called serpentine by miners. Peridotite and serpentine are the 
only rocks that contain commercial bodies of chrome ore, and they are 
the only ones of which the areas are outlined in the accompanying map 
(Fig. 23) of the Klamath Mountains. 

Dutribution of Peridotite and Serpentine appears to be 

relatively more abundant in the Klamath Mountains than anywhere else 
in California. 

The serpentine masses of the Klamath Mountains are very irregular 
(Fig. 23), and their forms vary in different portions of the mountains. 
Those of the western half are long and narrow, and parallel to the great 
curve of the Klamath Mountain boundary on the west. In Trinity 
County, Calif., their greatest extent is northwest and southeast, and they 
have the large structural features pointing toward the Sierra Nevada. 
In Del Norte County, Calif., and the adjacent portion of Oregon, their 
trend is southwest and northeast, toward the Blue Mountains of Oregon. 
Between these two arms of the curve, especially cast of the Salmon Moun- 
tains, which appear to be the solid core of the Klamath Mountains, the 
masses of serpentine are not only large and very irregular, but more 
nearly equal in length and breadth. 

Distribution and Production of Chromite . — In the map of the Klamath 
Mountains (Fig. 23) the deposits of chrome ore are located by dots. 
There were 147 producers of chrome ore in 1918; 120 in the 6 counties 
of California and 27 in the 5 counties of Oregon, with a total shipped 
production of 27,186 short tons of all grades; of this amount 21,021 tons 
came from California and 6164 tons from southwest Oregon. The total 



J. S. DILLEE 


137 


amount of ore reported mined in the Klamath Mountains in 1918 was 
48,671 short tons, of which 21,386 tons were unshipped. 

Blue Mountains of Eastern Oregon 

The chromite deposits of eastern Oregon, of which the general location 
is shown in Fig. 22, occur chiefly in Grant County, about John Day 
Valley between Dayville and Prairie City, the main point of railroad 
shipment. A less important group occurs in the valley of Granite Creek, 
near Sumpter. There are small areas in Baker County, on Conner Creek, 
about 20 mi. (32 km.) north of Himtington, a,nd in Malheur County, 
15 mi. (24 km.) west of Huntington, where it is associated with red 
jaspery beds of chert fuU of radiolaria. 



Fig. 24.— Map showing shhpbntine abbas and chbomitb deposits op eastern 

Orbgon. (2/. 0. Westgate.) 


Lewis G. Westgate examined the Blue Mountain region in August, 
1918, he mapped the serpentine area (Pig. 24), and indicated the loca- 
tion of the mines. His report, which is my principal source of informa- 
tion, is now in course of publication by the United States Geological 
Srirvey. 

The general geology of the Blue Mountains is amilar to that of the 
Sierra Nevada and Klamath Mountains. There are two main series of 
rocks-^an older series of Paleozoic and Mesozoic sedimentaries with some 
interbedded lavas, cut by igneous intrusives, and a younger series of 
'friary lavas with associated sedimentaiiy beds. The sedimwtm^ 
of the older saies are slates and shales, with a small amount of limestone. 
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Cai'boniferous, Triassic, Jurassic/® and early Cretaceous*® fossils have 
been identified in these rocks of the Blue Mountains. Most of the series 
has been so folded and faulted that it is difficult to work out its structure 

in detail. . tvt j i 

This ancient series of sediments, like those of the Sierra Nevada and 

Klamath Mountains, was intruded by masses of acid and basic igneous 
rocks, among which peridotite is one of the most important. 'The ser- 
pentine of eastern Oregon is in many places so completely crushed and 
sheared as to obliterate the original features of the rock from which it was 
derived, but in other places, especially around the large masses of chro- 
mite, where the rocks are more resistant, much of the olivine and pyroxene 
of the original peridotite are preserved. 

As pointed out by Westgate, there are two main modes of occurrence 



Fio. 25. — Chbomitk lenses in Smith and Gbitsfield prospect, Canyon Ojty, 

Oregon. (Jb. G, W&stgate,) 

of chromite in this region. On most of the properties the chromite is in 
vein-like bodies, lenses, or kidneys, in shattered serpentine. Hero the 
original rock has generally gone over wholly to serpentine, and its earlier 
character is a matter of inference. On other properties, and especially 
at the larger mines, the chromite occurs in vein- or dike-like masses, or 
in irregular bodies of considerable size, in a serpentinized rock of basics char- 
acter. This country rock, though jointed, is much less shattered and sen'- 
pentinized than that of the first class. Practically all of the chromite 
mines of eastern Oregon belong to the first class except some of those in 
the John Day area between Prairie and Canyon City. Pig. 25 illustrates 

Chester W. Washburne: Notes on the Marine Sediments of Pastern Oregon. 
Jnh Geol (1903) 11, 224r-229. 

The present writer found fossils in a limestone by an outcrop of chromite arul 
serpentine on the ridge a short distance east of the road from Canyon City st>uth U) 
Bear Valley. The fossils were identified by Stanton as Knoxville* 
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some of the sizes and shapes of chromite bodies inclosed by sheared 
serpentine in the wall of the Smith and Geitsfield mine, 1 mi. west of 
Canyon City. 

Within the mapped areas of serpentine in eastern Oregon about 60 
bodies of chromite have been noted, and a third of them are described in 
Westgate’s report. Most of the mines are shallow workings, but the 
Ward and the McIntyre mines have reached a depth of 70 ft. (21 m.) ; 
both are near being abandoned. 

, The three most important mines of eastern Oregon in 1918 were the 
Chambers mine of the Blue Mountain Chrome Co., the Iron King of the 
Zenith Chrome Co., and the Black Jack, of the Grant Chrome Co. Of 
these the Iron King is the largest; it has been in operation several years 
and is said to have yielded 6000 tons of crude ore averaging 32 per cent, 
chromic oxide. The chrome ore occurs in lenses in shattered serpentine 
and is worked in a large open cut. One lens on the back face of the cut 
in July, 1918, showed dimensions 10 by 4 ft. (3 by 1.2 m.). No vein or 
lead is followed; the whole rock is quarried, the ore being taken out as the 
lenses are reached. The shattered serpentine containing the chromite is 
separated from the firmer serpentine, especially on the north, by a curv- 
ing, slickensided, fault face. Serpentine breccia lies between and is 
cemented to form a resistant rock. 

The Chambers mine is on a large body of low-grade ore in serpentine; 
one-fourth is too poor to work; the rest is generally 31 to 32 per cent. 
Cr 203 ; the best (36 per cent.) was worked first by open-cut and later by 
glory-hole about 40 by 100 ft. and 40 ft. deep. The large orebody ap- 
pears to be more than 100 ft. (30 m.) long, 20 ft. (6 m.) wide, and over 
46 ft. (14 m.) in depth. It cannot be followed to any distance east or 
west. A smaller body of ore and some float occur to the southeast of 
the main body. 

Although some of the chromite shipped from eastern Oregon is re- 
ported to run as high as 50 per cent., and much of it over 40 per cent., 
the greater portion of the ore shipped runs down to 26 and 28 per cent. 
The production and shipment of chromite began in eastern Oregon in 
1917, and about 3700 tons was shipped during that year. In 1918 the 
shipments were increased to more than 14,600 tons. 

Westgate’s estimate of the amount of ore in sight in the summer of 
1918 gives 4000 tons of ore running 40 per cent, or more Cr 203 , and 
26,000 tons ‘from 30 to 40 per cent. He remarks that the ultimate 
production from this region will doubtless be much greater than this 

Peodtiction of Chbomitb in Calipobnia and 
Oregon 

The quantity and value of the chrome ore sold in California and 
Oregon during 1918, by counties, are given in Tables 1 and 2. 
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Table 1 . — Shipments and Stocks of Chromite in California'^ in 1918 


(Short Tons; all Grades of Ore) 


County 

Ship- 

ments 

Stocks 

Value of Ore Sold 

Average 
Price 
per Ton 

Alameda 

Amador, Mariposa, Plumas, Sacramento, 

187 

315 

$7,749.00 

$41.44 

Sierra 

470 

770 

20,591.20 

43.81 

Butte 

1,554 

1,270 

56,900.00 

36.61 

Calaveras, 

2,819 

832 

134,746.05 

48.15 

Del Norte 

7,903 

4,345 

380,536.34 

48.15 

Eldorado 

14,243 

7,112 

556,586.37 

39.00 

Fresno 

2,995 

975 

126,947.82 

i 42.39 

Glenn 

1,466 

520 

72,046.17 

49.14 

Humboldt, Mendocino, Monterey 

790 

2,195 

38,194.68 

48.35 

Lake ' 

534 

62 

27,108.36 

50.76 

Napa 

1,457 

533 

55,599.00 

38.16 

Nevada 

2,362 

1,334 

64,531.62 

27.32 

Placer 

4,081 

1,339 

195,704.54 

47.95 

San Benito, Santa Barbara, Santa Clara. . . 

784 

923 

46,452.50 

j 47.95 

San Luis Obispo 

11,127 

3,248 

545,629.29 

49.01 

Shasta 

2,019 

1,045 

89,327.84 

1 44.24 

Siskiyou 

6,125 

2,917 

261,962.03 

42.77 

Sonoma 

920 

145 

43,038.21 

46.00 

Stanislaus 

3,006 

438 

77,026.16 

25.62 

Tehama 

1,952 

4,790 

95,610.54 

48.98 

Trinity 

1,556 

2,729 

1 57,021.14 

36.64 

Tulare 

630 

125 

26,546.00 

42.13 

Tuolumne 

1,656 

667 

80,730. 17 

48.73 

Total California 

70,636 

38,629 

$3,060,585.02 

$43.33 


* Subject to revision. 


Table 2 . — Shipments and Stock of Chromite in Oregon"^ in 1918 
(Short Tons; all Grades of Oro) 


County 

Ship- 

ments 

Stocks 

Value of Ore Sold 

Average 
Price 
per Ton 

Baker and Wheeler 

103 

130 

$2,681.03 

!$20.0.'J 

Coos, Curry, Douglas 

600 

1,327 

82,676.68 

! 54.29 

Grant 

14,401 

2,479 

649,882.70 

8B.1S 

Jackson 

168 

50 

6,718.96 

39.99 

Josephine 

5,396 

3,663 

263,191.62 

48.77 

Total Oregon 

20,668 

7,649 

1^66,049.88 

$41,37 


* Subject to revision. 
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Washington 

Workable deposits of chromite in serpentine occur on Cypress Island, 
near Anacortes, and in the vicinity of Mt. Hawkins, Kittitas County., 
A small amount of high-grade ore has been produced at each locality, 
and on Cypress Island considerable ore suitable for concentration has 
been developed. In the vicinity of the deposits mentioned, and in the 
northern Cascade Mountains, there are large incompletely prospected 
areas of serpentine in which additional orebodies will doubtless be found. 
The deposits on Cypress Island were visited in September, 1917, and 
those near Mt. Hawkins in July, 1918, by J. T. Pardee, who prepared 
this statement. 

Chromite was mined on Cypress Island in 1917 by the Bilrowe 
Alloys Co., for use in their smelter at Tacoma. Prior to this no pro- 
duction is reported, but a moderate amount of development work had 
been done on several claims that were located 15 or 20 years earlier. In 
1918 the Cypress Chrome Co. reported shipments, one of which was 
treated at the laboratory of the Faust Concentrating Co., Seattle; 
samples from the same lot were tested at the Seattle station of the U. S. 
Bureau of Mines. 

Analyses reported by the Cypress Chrome Co. show an average of 
47^ and 25K per cent, chromic oxide, respectively, in shipments that 
represent the selected and the milling grades of ore. From the latter, 
a concentrate containing 45 per cent, chromic oxide was produced at the 
Faust concentrating plant, and a product containing 50 per cent, or 
more was obtained from the samples tested at the Bureau of Mines. 
Samples from the deposits near Mt. Hawkins are said to assay as much 
as 51 per cent, chromic oxide. These high percentages indicate that in 
composition the chromite approaches the theoretical formula Fe 0 .Cr 203 
and contains little or no ferric oxide or other substance capable of re- 
placing the chromic oxide. 

On Cypress Island orebodies have been found in several places in an 
area of 3 or 4 sq. mi. They are composed of grains and stringers of chro- 
mite scattered through the serpentine. Their boundaries are indefinite 
and their form irregular, though as a rule they show a trend of about 
N. 25° W. parallel to the main shear zones in the serpentine. One body 
yielded 40 tons of high-grade ore, little waste having been handled. 
Bodies that average from 10 to 25 per cent, chromic oxide range from a 
few tons to several hundred tons in size. A reserve of several thousand 
tons of ore of this kind is estimated. 

In the Mt. Hawkins region a body of chromite about 18 in. (45 cm.) 
thick is exposed by an open cut north of Boulder Creek and “li- 
east of the road up Cle Elum Biver. The deposit is wdl defined and 
free of waste, and a sample is said to have assayed 61 per cent, chromic 
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oxide. Another body of high-grade ore is reported near the small lak(' 
at the east of Mt. Hawkins. A shipment of ore from the deposits north 
of Boulder Creek, by Richard Denny, late in 1918 is reported. Both 
deposits are in the serpentine belt which occupies a large area south and 
west of Mount Stuart. 

Alaska 

Deposits of chromite have been known in Alaska for a number of 
years and became of economic interest in 1917. Two deposits occui- 
at the southwest end of the Kenai Peninsula one along the north shoic 
of Port Chatham and the other at Red Mountain, about 16 mi. (25 km.) 
to the northeast. Both deposits occur in bodies of altered peridotite. 
The ore is in lenses, none of which is more than 150 ft. (46 m.) in length, 
while most of them measure considerably less; they range in thickness 
up to 20 ft. (6 m.). , 

The deposits are being mined on the seashore, where the exclusion of 
the water increases the cost of mining. About 800 tons of ore containing 
from 46 to 49 per cent, of chromic oxide was mined in 1917, and in 1918 
the output was about the same. There is much low-grade ore in 
the vicinity that can be concentrated to 50 per cent., and the Gcologicuil 
Survey reports {Pvsss SailsHn 351) that material for 15,000 tons of sucdi 
concentrates is available. The Red Mountain locality has not been 
worked. It lies 6 mi. (10 km.) over precipitous slopes from tidewater. 
One body probably contains nearly 1000 tons of high-grade ore, while 
the locality contains a much larger amount of low-grade ore. The freight 
rate on ore from Port Chatham to Seattle is $3.50 a ton, and thence by 
raU to an eastern smelter about $12.00 a ton. 

Moniam 

In southern Montana, between Red Lodge and Livingston, notable 
deposits of chromite have been discovered and recently attracted much 
attention. Those near Red Lodge are less important than those farther 
northwest, in the drainage of Boulder Creek, where there is a remarkable 
occurrence of chrome ore in a prominent dike of pyroxenitc. The dike, 
running about N. 70® W. (Fig. 26), is commonly from mi. (0.8 to 

i.6 km.) in width and extends from Boulder Creek to Fish Creek, a 
distance of about 30 mi. (48 km.). It crosses plateaus and valleys cut in 
Archean or Paleozoic rocks to a depth of 4000 ft. (1219 ra.) below the 
general plateau level. The pyroxenite is composed chiefly of onstatite; 
it is massive and fresh, with but little alteration to serpentine. 

In the belt of pyroxenite the distribution of the body of chromite 
is like that of a dike intruded along the middle portion of the much larger 
dike of pyroxenite. Near this dike-shaped body of chrome ore are other 
smaller masses of chromite in parallel position. Westgato points out 
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that, although the great dike is mainly pyroxenite, the middle portion 
containing the chromite is rich in olivine, and the rock thus becomes 
peridotite or dunite. The chrome belt in the Bonanza claim has a 
thickness of about 90 ft. (27 m.), and its structure is broadly banded. 
The thickest band of chromite is 13 in. (33 cm.) and it lies near the 
middle of the belt. 

Three properties were in active development during part of 1918. 
Considerable ore was mined (600 tons reported), but as the distance to 
Northern Pacific Railroad shipping points is about 35 mi. (56 km.), and 
the transportation facilities are not quite completed, there were no ship- 



Fio, 26. — Chrome BELT of Boulder Bivbr and Hock Creek, Montana. 
' {L. G, Westgate,) 


ments. In the Benbow mine the chromite occurs in a nearly vertical 
deposit from 3)^ ft. to ft. (1.0 to 1.7 m.) in width. In places it is 
frozen to the wall rock, which may contain subordinate layers of chromite 
parallel to the main deposit. The depth of the ore deposit is not defi- 
nitely known, but the exposures on the canyon walls suggests a depth of 
at least 700 ft. (213 m.) In length the deposit in the Benbow claim 
appears to be more or less continuous for 8000 ft. (2.4 km.), and the ton- 
nage to a depth of 100 ft. is estiiriated at 250,000 tons. 

The ore is black, granular chromite. Where the grains have not 
grown in contact )Hrith each other they are often octahedral, and it is 
possible to get specimens that are spotted with small bnt quite perfect 
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especially near the main bodies. In general, the orebody is dike-like 
in shape and lies near the middle of the pyroxenite dike. Smaller 
parallel bodies occur near the larger bodies, and a few smaller bodies 
occur near the borders of the pyroxenite dike, but they are not abundant 
near the contact between the pyroxenite dike and the adjoining Archean 
rocks, as has been noted by Lewis and othei'S in North Carolina. 

The chromite bodies are not true veins, but are believed by Westgate 
to be due to the forcing of a more basic portion of the magma into the 
partly cooled but still pasty pyroxenite. There are exceptional places 
where the orebody is more like a true vein; here the orebody is marked 
by sharp plane contacts on one or both sides, and often these surfaces 
are so smooth that they may be considered movement planes. The rock, 
both ore and enclosing pyroxenite, is here more crushed and serpen tinized 
than is the rest of the belt, and the orebody is commonly wider. 

The ore generally runs somewhat less than 40 per cent, chromic oxide 
and about 18 per cent, iron oxide. On the basis of 100 ft. depth. West- 
gate estimates the tonnage of the Benbow properties at 250,000 tons. 
He believes 375,000 tons is an underestimate for the belt as a whole, 
with 1,000,000 tons as possible. The chrome deposits of Stillwater 
and Sweet Grass Counties, although of too low grade for some purposes, 
and not readily concentratable to high-grade ore, are still of great 
importance. 

Wyoming 

A chromite deposit is located on the left bank of Deer Creek in Na- 
trona County, near the Converse County line, about 16 mi. (26 km.) 
southwest of Glenrock, the nearest railroad shipping point. It occurs 
on the steep slope of a canyon, about 400 ft. (122 m.) above the stream 
and 500 ft. (152 m.) below the gentler slope of the canyon rim, over which 
the road approaches. 

At the time of my visit, Aug. 25, 1917, the road ended in a mass of 
serpentine and chronodte lying between granite, toward the creek on the 
east, and hornblende schist on the west. The serpentine ranged from 
20 to 30 ft. (6 to 9 m.) in thickness. It appeared to dip 46® or more to the 
west, and in the upper portion, adjoining the hornblende schist, con- 
tained a very irregular belt of chromite from 2 to 5 ft. (0.6 to 1.6 m.) wide, 
which was exposed at intervals for 150 ft. (45 m.). The best ore is fine 
grained to compact; at some places it is banded with serpentine, and 
much of the ore near the southern end is associated with micaceous min- 
erals, in some places apparently interbanded with chromito and serpen- 
tine. The most common micaceoim mineral is of a purplish pink color, 
and was determined by Mr. Schaller as chrome chlorite (kotschubeite or 
kammererite) ; this forms veins and lines cavities in the ore. Several 
cavities contain a second lining of an earthy green mineihl on the 
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crystallized chrome chlorite; this appears to be wolchonskoite, which 
was recently identified by Schaller as a vein mineral in one of the mines 
near Ely, Nev. 

The occurrence of these chrome silicates forming veins in chromite is 
interesting as showing the effect of hydrothermal action after the deposi- 
tion of the chromite. Chrome garnet, as already noted, belongs in the 
same class, and its wide distribution with chrome chlorite in bodies of 
chrome ore on the Pacific coast strongly supports the view that chromite 
is of purely magmatic instead of hydrothermal origin. 

The first ore was mined at this locality in 1908, and since then pos- 
sibly as much as 700 tons has been taken out. In composition it ranges 
from 35 to 44 per cent, of chromic oxide with 16 to 20 per cent. FeO. 
Tests of the ore for furnace lining are reported to have shown that it is 
too easily fusible for that purpose. The property has recently been sold 
to the Ferro Alloy Co., of Denver, manufacturers of ferrochrome, who 
operate the mine to obtain ore for their plant at Pueblo. At the pres- 
ent time, it appears to be the only producing chrome mine in the 
United States. 

Pennsylvania and Maryland 

The chrome industry in the United States was started by Isaac 
Tyson, who discovered chromite in the Bare Hills, near Baltimore, in 
1828, and the celebrated Wood mine,®^ of Lancaster County, Pa., was 
opened by him the same year. many years it furnished the greater 
portion of the world^s supply of chromite, with a total output of about 
95,000 tons. The orebody was almost 300 ft. (91 m.) long, 10 to 35 
ft. (3 to 11 m.) thick, and was proved to a depth of 720 ft. (219 m.). 
About 5 per cent, of the ore was crushed and washed; the remainder was 
pure enough to ship,^® its average composition^® being about 48 per cent, 
chromic oxide, although picked samples yielded as high as 56 per cent. 
Chrome sand on the surface near the Wood mine contained 46 per cent. 

Other mines were developed in the same region and elsewhere, of which 
the State Line mine, on the border of Maryland, was one of the most 
important. In 1918 this region received much attention; some of the 
old Tyson mines were reopened, the Line mine was dewatered, and devel- 
opment had advanced into production when the war closed and operations 
ceased. The same occurred in the Soldiers Delight region, near Balti- 
more. Chrome-sand mining in that region will probably continue to 
furnish about 25 tons of the special high-priced stream-sand concentrates 
annually exported to Europe, where it is used to set the colors on fine 
porcelain ware.'*^ ; 

William Glenn : Chrome in the Southern Appalachian Region. Trans, (1895) 26. 

»®Persifor Frazer: Second Geol. Survey Pa.‘, Rept. OCC (1880) 192. 

®®E. 0. Harder: U. S. Geol. Survey Mineral Resources^ Chromite (1908) 15. 

Joseph T, Singewald, Jr.; Maryland Sand Chrome Ore. Mean. Geol, (May, 
1919) 14, 189-197. 
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North Carolina 

Deposits of chroiiiito in North Carolina were thoroughly investigated 
and described by J. H. Pratt and J. Volney Lewis as early as 1905.^* 
The deposits occur in peridotite, with which corunduna is associated, but 
the chromite and corundum appear to be mutually exclusive. 

• Pratt and Lewis found the deposits of chromite closely associated with 
the contact of the peridot! te and gneiss. They attribute the origin of the 
chromite to crystallization from a magmatic condition; its segregation 
toward the border of ihe peridotite mass is regarded as due to gravitation 
and convectional movements induced by the cooling influence of the 
adjacent country rock. 

Lewis classifies the deposits of chrome ore of North Carolina, according 
to origin and occurrence, under two heads, primary and secondary ores. 
The first he subdivides into (a) segregated lenses and pockets, (6) 
disseminated or partially segregated (banded) ore; the second into three 
groups, (o) float ore, (6) residual or lateritic ore, (c) alluvial or placer 
deposits. He remarks that “none of these occur in forms that may 
propei'ly be called true veins.” 

The chrome ore is nearly unifonn in general character throughout 
the entire area, being very hard and compact though often having a fine 
granular appearance. Masses of chromite are usually free from seams 
of peridotite or serpentine. Chromite pockets may be locally abundant, but 
they are not of large size; from one body 7 tons of ore was obtained, from 
another 12 tons, and a third yielded 25 tons. The ore in some places is 
high grade; selected samples contain as much as 63 per cent, chromic 
oxide; generally it is above 45 per cent., rarely as low as 39 per cent. 

In 1918, operations were carried on at five places in three counties 
— Jackson, Buncombe, and Yancey — but the total output shipped was 
small, amounting to only a few himdred tons. Much of it was high-grade 
concentrate, containing 57 per cent, chromic oxide. 

This interesting chrome field in North Carolina was reSxamincd in 
the summer of 1918 by J. Volney Lewis, whose report will be published 
in the economic bulletin of the U. S. Geological Survey for 1918. 

Domestic Chromite Market 

The effect of the war on the domestic chromite production is evident 
from Table 3. lnT913 the domestic product was only 255 long tons, 
and sold at $11.19 a ton. In 1918 the production had increased t,o 82,350 
long tons, of which the average value. was $47.82 per ton. Of the total 
amount mined in six years, 83 per cent, came from California, 16 per 
cent, from Oregon, and the remainder from Maryland, North Carolina, 
Washington, and Wyoming. 

North Carolina Oool. Survey ;i906) 1. 
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Tajble 3. — Marketed Output of Crude Chromite in the United States 


Year 


1913 

1914 

1915 

1916 

1917 

1918 

Total for 6 years . . 
Per cent, of whole 


(Long tons^^) 


1 California ! 

! ! 

Oregon 

Wash.. 
Wyo., Md., 
N. C. 

United 

States, 

Total 

Average 

Price 

255 1 

[ 


255 

$11.19 

1 1 

1 506 1 

j 3,281 

I 43,758 

.... i 

! 

85 

591 

3,281 

47,035 

14.75 
• 11.20 

3,099 

178 

15.44 

36,774 

6,701 

250 

43,725 

24.00 

63,064 

18,455 

831 

82,350 

47,82 

147,638 

28,255 

1,344 

177,237 


83 

16 

1 




Subject to revision. Brought up to date, April 24, 1919. 


Table 4. — Shipments, Stocks, and Values of Domestic Crude Chromite in 

1918 

(Long tons) 




Stocks 



State 

Shipments 

on Hand, 
Deo. 31, 
•1918 

Value of Ore Sold 

Average 

Price 

California 

63,064 

34,510 

$3,060,585.02 

$48.53 

Oregon 

18,455 

6,833 

855,049.88 

46.33 

Md., N. C,, Wash,, Wyo 

Ga., Mont., Penn 

831 

737 

607 

22,356.56 

26.90 

Total, United States ^ 

82,350 

42,687 

$3,937,991.46 

$47.82 


Subject to revision. Brought up to date, April 24, 1919. 


Table 5. — Equivalent Tonnages, 1918 Production 


Equivalents Shipments 

All grades — ^long tons, as above 82,350 

All grades — short tons 92,232 

50 per cent, grade — ^long tons 66,554 

Chromium — ^long tons 45,564 


Stocks 
ON Hand, 
Dec. 31, 1918 

42,687 

47,810 

34,043 

23,306 


Of the above shipments of 82,350 long tons, 19,398 tons contained 
45 per cent, or more of chromic oxide; 45,600 tons from 35 to 45 per cent.; 

« Shipments of chrome ore by California and Oregon, Tables 1 and 2, are given in 
short tons according to railroad usage. In Table 3 the long ton is used for more con- 
venient comparison with imports. The world^s production is now generally given in 
metric tons. 

Pennsylvania, Georgia, and Montana have a mined production of 607 tons in 
1918, but no shipments. 
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and 17,352 tons less than 35 per cent, chromic oxide; the average selling 
price at the railroad shipping station was $47.82 per long ton. The 
total shipments were therefore equivalent to 66,554 long tons of 50-per 
cent, grade, of which the value would have been $59.17 per long ton.- 

Resbeves 

The market broke in August, 1918, when production was at its highest. 
Much of the ore then on hand, as well as nearly all mined thereafter 
without contract, remained on hand at a loss to the miner. If to the 
tonnage of ore shipped we add the stocks on hand Dec. 31, 1918, the 
resulting 125,000 tons, the amount of ore mined in 1918, leads us to believe 
that the United States will be able to supply its own needs of chrome ore 
even during the severe demands of war. Recent investigations in North 
Carolina, Maryland, and Pennsylvania have not discovered large reserves, 
but in the West, especially in Montana, Oregon, and California, the 
reserves appear to be ample for several yearn’ supply. 

Impoets 

According to the Bureau of Foreign and Domestic Commerce, the 
United States, in 1918, imported 100,224 long tons of crude ore. Imporis 
from Canada, Cuba, and Brazil, 35,690 tons, ranged from 30 to 45 per 
cent, chromic oxide; the other 64,452 tons, coming chiefly from New 
Caledonia, contained 50 per cent, or more of chromic oxide; .some 
ore from Guatemala contained 58 per cent, chromic oxide. The total 
of imports is equivalent to 92,681 long tons of 60-pcr cent, grade; its 
declared value being $2,892,825, the average price of 50-per cent, im- 
ported ore at the point of foreign ocean shipment would be $31.21 per 
ton, as compared with $59.17 per ton for the same grade of doniostic ore 
on the Pacific Coast, at the point of railroad shipment. 

As the total requirement of consumers in 1018 hiis lately been stated 
as not over 100,000 tons, it is evident that the imports more than equalled 
the requirements. 

Pebsent CoNDiTioisr OP Domestic Ciikomitk Makkbt 

In 320 replies received by the U. S. Geological Survey to question- 
naires concerning the production and shipments of chromite during the 
first quarter of 1919, 21 reported production. Of those, the six most 
important were: 

The Ferro Alloy Co., operating in Wyoming. 

The Western Ores Co., concentrating in Butte Ctmnfcy, Calif.; mining in »San 
Luis Obispo County, Calif. 

L. H. Butcher & Co. 

S. L. Schwartz and P. A. H. Arata, 

The Neely Bros., in Trinity County, Calif. 
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All these report approximate shipments witiiin the first three months 
of 1919, and were evidently supplsdng ore for their own use or for others 
under previous contract. There were 13 others reporting a production 
of about 800 tons and no shipments. 

Of the 298 chromite correspondents reporting July 1, 1919, only one 
was at that time actually producing chromite. During the first half of 
1919, 19,658 long tons of chrome ore, valued at $703,217 ($36.77 per ton 
in the country from which it came) was imported. The lower grade of 
the domestic ore and its reported greater cost to the consumer in the 
eastern part of the United States, as compared with the imported ore, 
is the reason why the eastern consumers prefer the latter, and there is 
no demand in our eastern market for domestic ore. 
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Chrome-ore Deposits in Cuba* 

uy ERNEST F. BDRCHARD,t M. S., WASHINGTON, U. C.' 

(Chicago Meeting, September, 1919) 

A BECONNAissANCE of the chrome and manganese^ ore deposits of Cuba 
was made in the spring of 1918 by Albert Burch, representative of the 
U. S. Bureau of Mines, and the writer, representing the U. S. Geological 
Survey. The object of the study was to obtain authentic information 
for use of the United States Government as to the location, character, 
size, and availability of the Cuban deposits of the ores of these important 
steel-alloy metals. The Cuban Government courteously detailed Sr. 
E. I. Montoulieu, a mining engineer connected with the Treasury Depart- 
ment, to act as escort and associate throughout the work on the Island. 
Mr. George A. Wright, of Baracoa, Cuba, a mining engineer especially 
familiar with the chromite deposits of Oriente Province, was a member 
of the party from Feb. 25 to Mar. 20. 

It was possible to visit most of the chromo-ore deposits that seemed 
to be of promise, but there was not sufficient time to visit all that wore 
brought to our attention, some of which may have merit. Furthermore, 
no attempt was made to examine the extensive chromiferous iron-ore 
deposits of the Mayari, Moa, and Cubitas districts, as these deposits 
cannot be regarded as sources of chromium except indirectly. 

At the close of the field work the essential data concerning the quan- 
tity and quality of ore probably available for shipment daring 1918 
and 1919, in the event of the continuation of the European war, and of 
the tonnage of ore in reserve, were furnished to such Government bureaus 
as were interested, including the Shipping Board and the War Industries 
Board, and as soon as chemical analyses of the chrome ores could bo ob- 
tained, a press bulletin on the subject was published by the Geological 
Survey. 

In the present paper the engineering data and tonnage estimates 
contained in the unpublished notes of Mr, Burch have been freely used, 
and their helpfulness is hereby gratefully acknowledged. Many thanks 
are due Senor Montoulieu and Mr, Wright for their valuable work in the 
field; to the officials of the Spanish American Iron Co. and of the various 
other companies; and to individuals holding chromite claims, for court- 
eously facilitating the work of the party. 

* Published by pemiission of the Director, U. S. Geological Survey. 

t Geologist in Charge Section of Iron and Steel Metals, U. S. Geological Survey. 

* See p, 61. 
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Id the study of material for the present paper, chemical analyses 
have been made by R. C. Wells and petrographic determinations and 
descriptions were furnished by Miss E. F. Bliss, both of the U. S. 
Geological Survey. 

Distribution and Nature of Deposits 

About twelve groups of chrome-ore deposits in Cuba have thus far 
attracted attention, all being within 25 mi. (40 km.) and most of them 
within 10 mi. (16 km.) of the north coast; they display considerable 
diversity in quality, size, and accessibility. One of the most westerly 
deposits is in the eastern part of the Province of Habana, and two are 
in the Province of Matanzas. The next group toward the east is in the 
Province of Camaguey, a few miles northeast of the city of Camaguey. 
Other deposits are in the Province of Oriente, one near Holguin and 
another south of Nipe Bay, and there are three groups in the mountains 
near the coast between Punta Gorda and Baracoa. (See Figs. 1, 3, and 6.) 

Geologic and Topographic Features 

Areas of serpentinized basic rocks are exposed in all the provinces of 
Cuba, generally parallel to and within a few miles of the north coast.. 
Within these serpentine bodies are sogi'egations of chromite. Small 
bunches of radial fibrous crystals, probably tremolito, commonly occur 
in the serpentine near the orcbodies. The dcposil.s arc lenticular or 
tabular masses ranging in thickness from 1 ft. t.o more l.han 50 ft. (0.3 
to more than 15 m.), and reaching a maximum length of more than 200 
ft. (61 m.), but they may include small masses of serponl.inizijd poridotito. 
Thin veinlike seams of ore have also been noted. The boundaries of the 
orebodies are fairly sharp, especially along their flatter contours, but 
chromite grains may be discerned with the unaided eye in the serpentine, 
in places several inches from the main mass. Stringers of clu-omite 
branch out, especially near the ends of the bodies. The orcbodies appear 
to be characteristic magmatic segregation deposits and resemble many 
of those found in areas of serpentine in California and Oregon. 

Most of tlio mineralized masses arc highly inclined and certain of 
them, which arc exposed in ravines on steep hillsides in mountainouH 
or hilly regions, dip at about the same angle as the hillsides. The deposits 
west of Nipe Bay are in areas of moderate relief; those near Camaguey 
are in an area of very low relief. The deposits in the eastern part of 
Oriente Province, which arc the largest, are in mountainous country 
and arc difficult of access. 

The serpentine areas are characterized by thin, poor soils, lacking in 
potash, and support only a scant vegetable growth, consisting chiefly 
of low scrub palm, coarse grasses, and thorny woods. 
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Character of Ore . — The ore is generally fine grained to medium- 
coarse grained, and varies from spotted material, consisting of black 
grains of chromite, ranging in diameter from to in. (1 to 6 mm.) 
embedded in white or light-green serpentine, to compact black granular 
material containing little or no visible serpentine. (Eigs. 4, 5, and 7.) 
Fine seams of a green crystalhne mineral, uvarovite, a calcium-chromium 
garnet, are occasionally found in the ore. 

As a rule, the grade of the ore is not very high. Excellent specimens 
may be secured at almost all deposits and may be picked up in the float, 
but it would require highly selective mining at most places to secure 
a product that would average 45 per cent, chromic oxide. 

The mineral chromite (FeO.CraOs), free from impurities, contains, 
theoretically, 46.66 per cent, chromium, or 68 per cent, chromic oxide. 
Representative samples from 18 deposits gave chromic oxide from 26 to 
43 per cent. ; iron from 10 to 13 per cent. ; sihca from 1 to 12.5 per cent. ; 
alumina from 15 to 33 per cent.; traces, only, of sulfur, phosphorus, 
and nickel were found in some of the samples, but others contained 
none. The majority of the samples carried between 33 and 40 per cent, 
of chromic oxide (representing between 22 and 27 per cent, of chromium) 
and only two earned more than 40 per cent, chromic oxide. Ores of 
certain other deposits, reliable analyses of which are available, are of bet- 
ter grade, some of them showing as high as 48 per cent, chromic oxide 
and as little as 8 per cent, of iron. In most of the ores of which analy- 
ses are available the percentage of chromium is two or more times that 
of the iron, a relation of importance in connection with the manufacture 
of ferrochrome in the electric furnace.* 


Description op Deposits 
Habana Province 

Elena . — ^The Elena claim, 2 mi. (3.2 km.) south of Canasi, near the 
eastern border of Habana Province,’ is owned by the Elena Mining Co., 
of Habana. The properties are reached from the railroad station of 
Jaruco by auto to Jibacoa about 12 mi. (19 km.), and thence by foot or 
horse 4 mi. (6.4 km.) over a hilly road. Shipments of ore can, however, 
be made by cart to Canasi, about 3 mi. (4.8 km.), and thence by boat to 
Habana; and another outlet may be afforded later by the Hershey Cuban 
Railroad to Santa Cruz del Norte, the route of which is reported to pass 
within 1 km. of the properties. 

Serpentine here forms a chain of hills parallel to the coast and about 
500 ft. (152 m.) in altitude. The serpentine is much fractured and slick- 

* R. M. Keeney: Manufacture of Ferro-alloys in the Electric Furnace. Trans. 
(1920) 62 , 28. 
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ensided and is intersected in places by stringers of darker rock, probably 
peridotite that has not been greatly altered. Float pebbles of chromite 
are found on the slopes and in the water coui’ses, and have led to the open- 
ing of several small lenticular bodies of chromite 5 to 10 ft. (1.5 to 3 m.) 
wide, with stringers of the mineral branching from them. 

The workings consist of a cut 20 ft. (6 m.) deep, in a hillside termi- 
nating in a short tunnel which leads to a shaft. A tunnel had also been 
started toward the shaft at a point somewhat lower and several hundred 
feet eastward but at the time of visit had not reached the shaft, nor in- 
tersected any orebodies. Other openings have been made on the surface 
without disclosing any ore. The pockets of ore exposed by the open 
cut had been entirely removed except small stringers in the cast side 
and south end. About 600 tons of ore of commercial grade were reported 
to have been obtained and shipped to Baltimore, Md. 

Although conditions ' are favorable for the occurrence of more small 
ordbodies in this vicinity, the cost of prospecting is so great, compared 
with the value of the ore that might be discovered, it would seem that 
only through accidental discovery is more chrome ore likely to be 
uncovered. 


Matanzas Province 

Jack . — The Jack chrome-ore claim of the Compania Oriental de Minas 
is situated in the western part of Matanzas Province about 7 mi. (11 km.) 
northwest of the raih-oacl station of Mocha, and 15 mi. (25 km.) by wagon 
road west of the City of Matanzas. The road to the railroad is rather 
rough and the cost of haulage of ore was estimated at $5 per ton, in the 
spring of 1918. 

The country is hilly and rocky and locally it is underlain by the same 
belt of serpentine .exposed at the Elena. The surface is sparsely covered 
by vegetation, characteristic of serpentine areas, so that outcrops of 
chrome ore and float are readily observed. A mile or more toward the 
south and east lie high ridges of limestone bordering the serpentine. 

Five or six small orebodies have been opened on this property, all 
of which showed some trace on the surface, and considerable develop- 
ment work had boon done, amounting in all to at least 30 openings, in- 
cluding tunnels, one of them 200 ft. (60 m.) long, several prospect cuts, 
shafts, and drifts. 

The serpentine is much fractured, jind slickensides arc common. 
Stringers and larger masses of peridotite (?) containing brighter .specks 
of bastite are cut in all the openings. The chronute occurs in stringers 
and lenses in the serpentine and peridotite, but the orebodies are not 
generally connected with one another. The two largest lenses wore 35 
to 50 ft. (11 to 15 m.) long, 13 to 20 ft. (4 to 6 ra.) deep, and 1 to 3 ft. 
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(0.33 to 1 m.) wide. Asbestiform and talcose minerals have been developed 
in the serpentine near the chromite. 

The chrome ore is fine to medium grained and is generally fairly com- 
pact and of good appearance, but it also contains masses of spotted ore 
composed of medium-sized grains of chromite in a gangue of altered ser- 
pentine. Some of the ore on weathering shows a faint brownish tinge, 
probably due to iron oxide. 

Nearly all the chrome ore disclosed by the workings had been removed 
and was stored in two stock piles which at the time of visit appeared to 
contain about 440 tons of ore. Analysis of a composite sample of ore 
from the two bins gave the results in column 1, Table 1, while analyses 
A and B represent samples obtained by trenching separately the two 
bins of ore. 


Table 1. — Analyses of Chrome Ore from Stock at Jack Mine, 
Near Matanzas 



Fig. 2. — Typical serpentine hills in vicinity op Ana Maria chrome-ore claim, 
BETWEEN Cardenas and Matanzas. 


Ana Maria . — The Ana Maria claims, 17 mi. (27 km.) by wagon road 
west of Cardenas, were held by Jorge Faz, of Cardenas. These claims 
are about 2 mi. (3.2 km.) from a sugar plantation railroad and about 1.25 
mi. (2 km.) north of the Matanzas-Cardenas highway. They are also 
about 9 mi. (15 km.) south of a small cove on the coast, said to have 
21 ft. (6.4 m.) of water. These claims are situated on a chain of cone- 
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shaped hills known as the Cordillera de Guamacara, which, rise 650 to 
750 ft. (198 to 229 m.) above sea level and 500 to 600 ft. (153 to 183 m.) 
above the neighboring valley (Fig, 2). 

Chrome ore shows as float on the north slope and on the lowei spur 
to the northwest of the hill known as La Coaba, and a few outcrops have 
been found. The country rock is of much broken serpentine and the 
chrome-bearing zones follow a general east-west direction. The lower 
one, at an altitude of about 385 ft. (117 m.) had been opened by a shallow 
trench about 100 ft. (30 m.) long, showing chromite in several small scams 
mixed with serpentine. The ore shows in places on both sides of the trench, 
and at the middle of the opening was a pillar from which good lump ore 
might have been hand-cobbed. The ore is fine grained and of high 
grade in spots, but is seamed and specked with serpentine to a consider- 
able extent; thus, to obtain a high-grade product will require concentration, 
and this might be difficult on account of the fineness of grain. Ihc 
chrome-bearing material is sparsely and unevenly distributed and con- 
stitutes only about 10 per ceni . of the rock as disclosed in the cut. Two 
small piles of milling ore, about 2 tons in all, had been taken out here. 
On the north slope, 35 ft. below the top of the neighboring hill, La C*oaba, 
at an altitude of about 630 ft. (192 m.), five or six small cuts had boon 
opened, the largest of them 30 ft. long, 8 to 10 ft. deep, and 1 2 ft. wide; this 
cut showed a seam 1 to 5 ft. (0.3 to 1.5 m.) wide of fino-grainod, speckled 
ore somewhat mixed with rock. The scam dips stoc])ly toward the north 
and its depth has not boon determined. Three other cuts showed a 
small seam of ore-bearing material. Much high-grade float chromite was 
observed on this hill below the cuts and a few fragments above them. 
Some deeply weathered lumps showed stains of iron oxide. Picked 
samples of the ore are reported to have analyzed 52 per cent, of chromic 
oxide. About 50 tons of ore was in sight in the two large cuts at the time 
of visit. 

Other chrome claims reported to have been denounced in this vicinity, 
on the basis of discovery of float ore, arc the Louisiana, in the CUimariooa 
range of hills about 1 mi. east-southeast of the Ana Maria, and the 
Sultana, on Maceo hill about IH (2-4 km.) to the west. 

San Miguel—Smco the visit of the writer, Senor Montoulieu reports 
the occurrence of a chromo-ore deposit in Matauisas Province near t he 
sulfur springs of San Miguel de los Baflos, north of Goliseo, some 50 
miles (80 km.) northeast of Matanzas, in the same range of coastal hills 
on which the Ana Maria deposits near Gardenas arc located, but farther 
inland. 

Large amounts of fine-grained chromite float led to the discovery of 
an ore outcrop. The deposit is reported as a large lens over 20 ft. (6 m.) 
thick, lying almost horizontal. Good shipping facilities were available 
through the completion of the new macadam road from Oolisco to the 



sulfur baths at San Miguel. The deposit was leased to the Brittania 
Mining Co. of Havana, which commenced active mining in the summer 
of 1918, and it is reported that an output of 30 tons a day was reached 
during the last days of the war. The total shipments are understood to 
have been over 700 tons of chrome containing over 42 per cent, of chromic 
oxide. 


Camaguey Province 

The deposits of chrome ore examined in Camaguey Province consist 
of three groups which lie along a narrow zone beginning about 9 mi. 
(14.5 km.) northeast of the city of Camaguey and extending south- 



Pig. 3. — Map showing location of cheome-orb deposits in vicinity of 
Camaguey. Claims and ore localities are indicated by numbers, as fol- 
lows: 1, Leocadta and Ninas; 2, Nona; 3, Float chrome ore, Iguana Hills; 
4, Victoria; 5, Float chrome ore. 

eastward to a point near the Camaguey & Nuevitas Railroad, 2 mi. 
(3.2 km.) northeast of Alta Gracia station (Pig. 3). Immediately north 
of Camaguey is a nearly level plain developed on serpentine rock, which 
extends northward for several miles and is covered with a thin mantle 
of ferruginous clay and limonite gravel residual from the decay of the 
serpentine. The chrome-ore deposits lie along the border of this plain 
at its juncture with some low hills which are outliers of a plateau south 
of the Cubitas Mountains; hence they are easily accessible by wagon 
roads. The local rock is serpentine’ with masses of gabbro outcropping 
on the hills. Float fragments oi chromite are found in places and 
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broken ore caps 10 or 12 small mounds which rise 5 to 60 ft. (1.5 to 16 m.) 
above the surrounding surface. In this zone there are also about 15 
places where chromite float is so thick as to suggest that small bodies 
of ore in place are obscured by broken ore or rock debris. Several claims 
have been denounced here, among which are the Teire, Leocadia, and 
Ninas, near the west end of the zone, the Nona, near the middle of the 
zone, and the Victoria the easternmost. 

Leocadia, Ninas, and reire.— Denouncements bearing the first two 
names are reported to be holdings of the Cuban Mining Co., an American 
organization; the third is held by Camaguey parties. The claims are 
situated about 9 mi. (14.5 km.) northeast of Camaguey and 2 mi. 
(3.2 km.) south of Montecito, near where the Caridad copper prospect 
has been opened. The deposits comprised within these claims are 
distributed over an area extending about yi mi. (0.8 km.) south to north 
and about 1200 ft. (366 m.) from east to west at the widest point. There 
are here 8 or 10 outcrops of chrome-bearmg rock in as many small mounds 
which rise 5 to 20 ft. (1.5 to 6.1 m.) above the surface of the serpentine 
plain, having axes which strike generally about N . 20° W . These mounds 
range from 50 to 100 ft. (15 to 30 m.) in length, and represent the loci of 
lenticular bodies of chromite. They arc covered with broken boulders 
and fragments of the mineral, but show none in place. Float chromite 
extends several hundred yards from these mounds and can bo seen along 
the Camaguey-Limoncs-Gloria wagon road about Kii* (0.4 km.) south- 
east of the group. All the ore that can bo considered as actually available 
here, prospecting should disclose bodies in place below the capping 

of broken material, is in loose fragments ranging in size from pebbles to 
boulders 2 ft. (0.6 m.) in diameter. The quantity of broken ore on the 
mounds ranges from 50 tons in the smaUor ones to about 2000 tons in the 
largest. In addition, 'there are several thousand tons of orci in the form 
.of loose float scattered over an area of about 40 acres (16 ha.) 

The ore is not of uniform grade, being mostly of only fair grade 
although containing some high-grade lumps; some portions contain 
streaks of barren rock. The grain is fine to medium, and much of tins 
material is spotted, consisting of grains of chromite imbedded in a gangue 
of light green to white serpentine. Three representative samples of tluj 
ore (analyses 2, 3, 4, Table 2) • show not quite 34 per cimti. of chromic 
oxide, about 12 per cent, iron, 4 per cent, silica, and 30 per cent, alumina, 
whence it is evident that all the ore would have to be conoentraUid to the 
marketable grade of 40 per cent, chromic oxide. 

Prospecting here, while yielding samples for analysis, has not shown 
the nature or extent of the deposits in place. Surface indications warrant 
more thorough prospecting, and should a large quantity of ore bo 
proved there would be little difliculty in putting the road to Camaguey 
into suitable condition for motor tnicks. 
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Nona and Neighboring Deposits . — The Nona claina includes chrome- 
ore deposits on a small hill and on the neighboring plain about 12 mi. 
(19 km.) northeast of Camaguey, and about 5 mi. (8 km.) east of the 
Leocadia group; it was reported to belong to the Cuban Mining Co. 
It is not so accessible from Camaguey as the deposits first described, 
but it was possible to reach it in a Ford car. The distance to the Cama- 
guey & Nuevitas Railroad, at Alta Gracia, is about 4 mi. (6.4 km.) 
over a nearly level sm-face, and if a large quantity of ore were found here 
a cart road noight easily be built to that point. 

Ten to twelve small patches of broken chrome-bearing rock were 
noted here, extending a distance of about 200 ft. (61 m.) northwest- 
southeast, the small hill being at the northwest extremity. These 
areas range in length from 10 to 25 ft. (3 to 7,6 m.), and in width from 
2 to 10 ft. (0.6 to 3 m.). Like the other deposits in this district, the 
outcrops are obscured by broken ore and float and little can be ascer- 
tained about the actual dimensions or attitudes of the orebodies without 
making excavations. The ore is fine to medium grained, rather dull 
and lusterless on the outcrop, and does not appear to be of as good 
quality as that at the Leocadia claim, but analyses of three samples 
(No. 5, 6, 7, Table 2) showed 35 to 36 per cent, chromic oxide, which 
is slightly better than the Leocadia ore. 

In the broad flat valley east of the Nona deposits there is considerable 
chromite float, up to 3 or 4 in. (76 to 102 mm.) in diameter, and also 
some chromite sand. The sand is derived from fine-grained, light- 
specked chromite-bearing seams ^ to 2 in. (13 to 51 mm.) thick, which 
outcrop in the serpentine floor of the valley, but the pebble float was 
traced to two sources near the Iguana hills, bordering the valley on the 
northeast. These deposits are respectively about and 1 mi. (0.8 and 
1.6 km.) northeast of the Nona deposits, and both of them show only as 
broken ore partly buried by d4bris. of gabbro from the adjacent hills- 
The deposit farthest northwest is apparently small and unimportant, but 
the other is evidently of considerable length, since there is a line of float 
fragments for a distance of about 600 ft. (183 m.) along the southwest 
slope of the ridge. No estimate of tonnages was possible, as nothing 
could be seen of the orebody. 

The ore is of fine to medium grain and appears to contain considerable 
impurity. Samples from both of these areas indicate a low gi'ade of 
ore, carrying less than 30 per cent, of chromic oxide and more than 30 per 
cent, of alumina (No. 8, 9, Table 2). Still farther up this valley toward 
the southeast, and also south of the Camaguey & Nuevitas RaUroad, 
abundant chromite float occurs in places, but probably most of this 
has originated in many small unimportant bodies of ore that have been 
completely broken down and eroded from their inclosing rocks. 

Victoria . — ^The Victoria chromite claim, said to belong to the Cuban 
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Mining Co., is situated about 14 mi. (22.5 km.) east-northeast of Cama- 
guey, and about 2 mi. (3.2 km.) northeast of the Alta Gracia station on 
the Camaguey & Nuevitas Railroad. It is only about M “i- (0-8 ^m-) 
in a direct line from the railroad. A good wagon road to Alta Gracia 
passes within mi. (0.4 km.) of the property, and a wagon road or spur 
track could without difficulty be built over nearly level ground from the 
nearest point on the railroad. 

Chrome ore in boulders and lumps caps the flat top of a small mound 
which rises about 50 ft. (15 m.) above the surrounding plain. The ap- 
proximate length along the top of this mound is 150 ft. (46 m.) and the 
width is about 70 ft. (21 m.). The greater part of the top of the area 
appears to be covered to a thickness of at least 5 ft. (1.5 m.) by chronute 
d(5bris in lumps up to 2 ft. (0.6 m.) in diameter. The slopes are in part 
covered by 1 ft. or more of chromite d6bris, and float ore is distributed 
over the smxounding 20 acres (8 ha.) of gently rising plain. 

There are no definite outcrops of ore in place. Prom the general dis- 
tribution of the broken ore, however, it is suspected that the hill contains 
two or more steeply inclined thick ledges of chrome ore 150 ft. (46 m.) 
or more in length, and to the superior i-esistance of this chromite to erosion 
is due the existence of the present mound. The chromite is associated 
with masses of olivine gabbro, large boulders of which lie on the plain 
east of the mound. This gabbro is a medium to coarse gi-ained, even 
textured, mottled peen and white rock consisting essentially of 65 per 
cent, plagioclase and 35 per cent, olivine. 

The ore is mostly coarsely granular spotted nuiterial, hut some is 
fine grained. Some of the coarse-grained ore resembles the gabbro in 
texture, the chromite grains composing about the sa^ne proportion of the 
rock as the olivine in the gabbro. Two samples wore taken from represen- 
tative types of material, and both were found to contain about 34 percent, 
of chromic oxide (No. 10, 11, Table 2). Probably all of the ore wouUl 
need mechanical concentration; its texture appears favorable for this and 
a supply of water can be obtained from a small stream, called the Santa 
Cruz River, about mi. (0.8 kra.) distant. 

A thin section of the ore is described by E. P. liliss, as follows: 

The rounded ohromitc areas are not massed in aggregates but are mirrounded by 
an interstitial serpontino which is plainly seen to bo derived from olivine. 

It would appear that tho original rock had been a dunito in which olivine formed 
the interstitial material around a crystallization of cliromito. Tho soriwntine that 
fills the core of tho olivines is surrounded by a narrow rim of material that is probably 
rocrystallizod serpentine and perhaps later than the olivine alteration product. Iron 
oxide is notably scarce in this scetioii. There is a alight development, with tlurser- 
pentinizod olivine, of a cloudy white mineral similar to that in the Oonatancia deposit. 

Other Claims . — In addition to the above tlescrihod deposits, two large 
bodies of good chrome ore, claimed by the Cia. Nacional Minora, of 
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Havana, were examined by Senor Montoulieu in October, 1918. One of 
them was located about a mile west of the Nona claim near Alta Gracia, 
and the other about 300 meters south of a switch of the Senado Sugar 
Co., about two miles west of the town of Minas. Some samples taken 
at random assayed 38 per cent. Cr 203 , and one is reported to have been 
assayed a few years ago by a Mr. Dewey in the employ of the U. S. 
Government which exceeded 45 per cent, of Cr 203 . About 5000 tons of 
ore may be available in these two deposits. 

Resume of Camagwy District — ^At the time of visit, no attempt had 
been made to mine or ship any chrome ore from the deposits near Cama- 
guey, so far as could be ascertained. Rough estimates of the total quan- 
tity of surface ore in the form of broken blocks and coarse float indicate 
that there may have been 20,000 tons available, and if the deposits have not 
been completely eroded there maybe nearly as much ore below the surface. 
The float ore, however, should be of a better average grade than the ore 
in place because the more compact ore disintegrates more slowly than 
that of lower grade, and travels farther in the form of lumps. 

Ten samples of ore were found to contain 27 to 36 per cent, of chromic 
oxide (Table 2); only two of these samples contained less than 30 per 
cent, and few contained more than 35 per cent. The ore in these deposits 
is therefore of low grade, but it may be suitable for certain purposes. 
If it should require concentration, sufficient water is believed to be avail- 
able in small streams within a mile of the deposits. 


Table 2. — Analyses'^ of Chrome Ore from Deposits near Camaguey 
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♦Analyzed by R. C. Wells. 

Samples 2-4 from the Teire, Leocadia, and Ninas claims, north-northeast of 
Camaguey; 5-9 from the Nona and an unnamed deposit, northeast of Camaguey; 
10-11 from the Victoria claim, northeast of Alta Gracia. 

As these deposits can be reached by wagon roads that are already 
in existence, or might be laid out over nearly level ground, they are of 
interest notwithstanding the low grade of the ore. 

Besides the chrome-ore deposits we examined in the vicinity of Cama- 
guey, others are situated about 20 mi. (32 km.) north of Camaguey and 
just north of the east end of the Cubitas field of surficial brown iron 
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ore. In this locality claims known as the Cid, Teyde, and Yunque, 
which were examined in 1907, by A. C. Spencer, of the U. S. Geological 
Survey, all show noteworthy quantities of chrome float, apparently 
of good gi’ade, and the occuiTence of tabular bodies of ore from 1 to 5 ft. 
(0.3 to 1.5 m.) wide is indicated. On the Cid claim, boulders of ore are 
distributed over a belt about 1700 ft. (518 m.) long, and on the Yunque 
the ore fragments are found in an area 150 by 250 ft. (46 by 76 m.). On 
the Teyde, five separate deposits lie within an area measuring 1200 by 
3000 ft. (366 by 914 m.). These deposits, one of which seems to be con- 
tinuous for 900 ft. (274 m.), strike N. 10° to 30° E. 

Oriente Province 

Maria del Carmen— These claims, owned by the Compania Nacional 
Minera, of Habana, are situated 7 to 8 mi. (11 to 13 km.) northeast of 
Holguin. The deposits extend for a distance of a little more than a mile 
(1.6 km.) from southwest to northeast and are reached from Holguin 
by a cart road about 8 mi. (13 km.) in length, rocky and hilly in places 
and fairly good in othem. 

' Several small bodies of chromite outcrop on the northwest slope 
of a low ridge of serpentine which lies between two higher ridges of 
steeply inclined limestone standing about mi. distant to the northwest 
and southeast. The serpentine in this locality is generally rather hard 
and brittle, light-colored, and fresher looking than much of the rock 
farther east in Oriente Province, and both the rock and the ore resemble 
those of certain deposits in California. The altitude of the serpentine 
ridge is about 500 ft. (152 m.) above sea level and it riROS about 200 ft. 
(61 m.) above the nearby streams. Float pebbles of chrome ore are 
found on the slope below the pockets of ore, and in other places where 
no ore is known to be in situ, and much of this float has been gathered 
for shipment. Some of the specimens noted here were of compact, 
medium grained, material of very good quality, while others wore mix- 
tures of chromite and gangue minerals. Analysis of a sample of ore 
showed 30.6 per cent, chromic oxide. Several tests of ore reported by 
the company engineer averaged 34.37 per cent, chromic oxide, and later 
reports have been received to the effect that a body of ore carrying 40 
per cent, was discovered in the summer of 1918. 

At the time of visit the developments on this property consisted of 
an irregular open cut about 30 ft. long and 15 ft. deep, made about 40 
years ago; a short cut 6 ft. deep about 150 ft. toward the northeast; and 
a short prospect trench about ^ mi. northeast from the old pit. Prom the 
old pit had been taken about 150 tons of chrome ore of good appearance; 
when mined, this was mistaken for iron ore, but after being tested none 
was ever shipped. A body of ore 2 ft. wide crosses the neighboring open 
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cut from southwest to northeast, and the distant cut shows a 3-ft. 
layer of fair-grade material. 

The ore indications observed at this locality do not warrant any esti- 
mate of ore in reserve. Geologic conditions are similar to those near 
Matanzas, where slightly larger bodies of chrome ore have been dis- 
covered. About 175 ton^ of ore were available for shipment in the 
spring of 1918. 

Caledonia , — One of the larger deposits of chrome ore in Oriente 
Province is on the Caledonia claim, near the base of the south slope of 
the Sierra de Nipe, about 7 mi. (11 km.) southeast of Woodfred, the head- 
quarters of the Mayari iron-ore mines. This claim is held by the Spanish 
American Iron Co. and has been suflSciently prospected to block out fairly 
well the outlines of the deposit. A zigzag trail of easy grade, descending 
lOOO ft. (305 m.) in 3^ (5.6 km.), has been cut along a spur from the 

plateau down to the deposit, and at the time of visit ore could be carried 
out by mule pack, loaded into auto trucks at the top of the trail, carried 
43 ^^ mi. (7.2 km.) to the railroad at the Mayari mines, and thence by 
rail to Nipe Bay. Routes had been surveyed and cleared for a 
6000-ft. (1.8-km.) aerial tramway which would take the place of mule 
transportation. 

The upper part of the orebody crops out of serpentine on a steep hill- 
side southeast of and about 300 ft. (91 m.) above a mountain stream 
which flows into the Pinos, a small tributary of Mayari River. The 
country rock along the stream below the chrome-ore deposit is generally 
dark green in color, and dense and dull in appearance except where crys- 
tals of bastite are conspicuous. A thin section of this rock is described 
by E. F. Bliss, as follows: 

Serpentine derived from a peridotite, probably wehrlite variety. A medium- 
grained dark-gi*een rook composed of serpentine, in part a dense variety and in part 
a fibrous bastite. The original rock appears to have been largely olivine with con- 
siderable pyroxene, probably a mixture of diallage and bronzite. The pyroxene, 
which can be recognized by the characteristic cleavage hnes, has now altered to 
the brown, fibrous variety of serpentine known as bastite. Alteration in the olivine 
seems to have proceeded along the characteristic network of cracks. The original 
rock does not appear to have contained much iron and iron oxide is not abundant. 
In some places it has been liberated in the central portions between the cracks, while 
in other places it follows the line of cracks. In a few places the original olivine core 
still remains. 

At the upper outcrop of the orebody the rock is light or dark green 
to brownish, dense, fine-grained material of duller appearance than the 
rock lower down. A thin section is described by E. F. Bliss, as follows: 

It is very similar in character to the rock above described, composed chiefly of 
serpentine altered from olivine and of a fibrous bastite derived from an original 
pyroxene. A light green variety of serpentine fills cracks which cut across the original 
constituents of the rock. Iron oxide occurs both in the core of the olivine crystals 
between the cracks and along the cracks. 
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Within tunnel No. 2 barren rock is found in' places separating portions 
of the orebody. In the hand sample this material is a dense, daik-green 
rock, partly covered with a coating of light-green, bluish, and white 
minerals. In thin section it exhibits the following characteristics; 

This rock is very sirailar to the two specimens just described but it shows less 
evidence of original pyroxene. The characteristic reticulate texture of olivine is 
evident even in the hand specimen on examination with a lens. 

In places the original olivine core remains, but the alteration has generally been 
complete, liberating iron oxide in small amounts in the core, which is composed of 
serpentine. Iron oxide is also concentrated to some extent along the cracks. 

The bluish-white coating on the exterior of this specimen seems to be due to the 
development of a soft, cloudy white aggregate probably of similar composition to 
the white interstitial and coating material occurring with the ore at the Constancia 
claim. 



Fig. 4. — Mjedium-geained spotted chrome ore from Caledonia claim, biiows 
SLICKKNSIDES AT LOWER LEFT EDGE. 0.55 NATUEAI. SIZE. 

The ore consists mainly of moderately fine grains of c.hroiuitc^, ranging 
in diameter from Ho to Ho ii'i* to 1.25 lum.) or in aggregates ol 
grains, mixed with more or less serpentine gangue. Some of it is (‘.om])a(!t 
chromite showing little serpentine and some is distiind.ly .spindnul with 
yellowish green grains of serpentine (Pig. 4). At the mouth of tuniud 
No. 1 is a coarsely spotted ore consisting of rounded chromili! grain.s ,s(5gr('- 
gated into bunches 0.1 to 0.4 in. (2.5 to 10 ram.) in diameter, sei).'vrat(ul 
by light-green serpentine (Pig. 5). The ore is clo.sely joinUnl in many 
directions and in many places the ore fragments show slicikiuisichui sur- 
faces similar to those of the serpentine, indicating that ( he ore* cixislcd prior 
to the fracturing of the rock. 

The orebody is rouglily tabular in form, and 10 to 50 ft. (5 l-o 0.1 m.) 
thick. - It dips toward the northwest at about the slopciof (lie hillsidci 
(40° to 45°) and where it does not crop out it lies 50 to 50 ft,, (t) to 15 m.) 
within the hill. Two tunnels cut the ore at levels 100 ft. and 200 ft,. Ixilow 
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the top of the outcrop. The orebody lies so close to the surface of the 
hillside that it might possibly be mined as an open cut. 

The ore varies in quality, the better grade being in the western part 
of the deposit; where it is reported to carry as high as 48 per cent, of 
chromic oxide. Analyses furnished by the Spanish American Iron Co. 
show a range of 36 to 48 per cent, of chromic oxide, 7 to 15 per cent, of 
silica, and 8 to 15 per cent, of iron for the whole body. By cobbing or 
by simple water concentration it might be possible to maintain a ship- 
ping grade of ore containing 44 per cent, of chromic oxide. According 
to the company’s engineers, the deposit has been calculated to contain 
about 50,000 tons of chrome ore, one-half of which should carry more 



Fig. 5. — Coarsely spotted chrome ore prom Caledonia claim. 

0.66 NATURAL SIZE. 

than 40 per cent, and the other half between 34 and 40 per cent, chromic 
oxide. By rough concentration, for which abundant water is available 
in the creek, the lower-grade ore should yield 15,000 tons of concentrates 
carrying 40 per cent, of chromic oxide; hence a total of 40,000 tons of 
ore of 40-per cent, grade may be available. 

Cayoguan Group , — This group, which includes the Cayoguan, the 
Narciso, and the Cromita No. 1, 2, and 3, occupies both sides of Cayo- 
guan River, , about 5 mi. (8 km.) above its mouth in Moa Bay (Fig. 6). 
It is about 8 mi. (13 km.) by trail from an old wharf at Punta Gorda; 
at present the first 3 mi. of this distance may be traveled by scows on 
Cayoguan River, then a foot trail near the river is followed to a camp 
site about H below the nearest deposit. In order to transport ore 
from the deposits, a road must be built down the Cayoguan, a difficult 
undertaking, because the river occupies a narrow gorge bordered at 
many places by steep cliffs. These claims were reported to be under 


166 


CHROME-OKB DEPOSITS IN CUBA 


option to the Cauto Mining Co., which was at that time actively mining 
manganese ore in Oriente Province. 

The Cayoguan claim is on the right side of the river, about 600 ft. 
(183 m.) above it and 750 ft. (229 m.) above sea level. An area extend- 
ing around the hillside for 3.00 ft. (91 m.) horizontally, with a vertical 
range of 20 ft. (6 m.), has been prospected by a few small cuts which 
disclose massive chrome ore, generally of good appearance where freshly 
exposed. Boulders of ore also outcrop and there is considerable float 
on the slopes below the outcrops. Where weathered, the ore shows 



Fia. 6. — Map showing location op Cayoguan group and Potosi chrome-orb 

DEPOSITS. 


§tains of iron oxide. The ore is mostly medium grained and black 
(Pig. 7), but carries a minor amount of spotted material. Thin films of 
emerald-green crystalline uvarovite occur in the chromite. A represen- 
tative sample of the ore contained 38.1 per cent, of chromic oxide. 

The Narciso claim, which nearly surrounds the Cayoguan, contains 
an orebody which outcrops on a steep hillside 500 ft. (162 m.) above the 
river, and at a distance of 600 ft. (183 m.) south of the Cayoguan pros- 
pect pits. It is accessible only by way of the trail to the Cayoguan 
claim and a climb down from the top of the bluff. The orebody is bor- 
dered by serpentine on the north and by a partly altered, dark basic 
rook on the south. The outcrop is in a steep watercourse which was 
dry at the time of visit, and the deposit was exposed to a width of 20 
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ft. (6.1 in.) and a height of 30 ft. (9 m.). The ore is medium-grained and 
appears to be mostly of fair grade, but some of it shows ferruginous stains 
and some is mixed with specks of serpentine. A sample from this outcrop 
showed 34.8 per cent, of chromic oxide. 

The Cromita claims are situated on the left side of Cayoguan River, 
a short distance down stream from the Cayoguan location. These claims 
contain three known orebodies and hundreds of tons of boulder float 
strewn along the bottom of an arroyo for more than 3^^ mi. (0.8 km.). 
The float ore may have originated in an orebody now entirely eroded. 
The orebodies still in place are exposed in a river bluff at a height of 
150 to 350 ft. (46 to 107 m.) above the river. The most northerly one 



Fig. 7. — Compact good grade chrome orb from Cayoguan claim. Keflec- 

TION OF LIGHT FROM BRIGHT SURFACES OP CHROMITE CRYSTALS GIVES THE SPECIMEN 
THE APPEARANCE OF CONTAINING MORE LIGHT-COLORED GANGUE MATERIAL THAN IS 
ACTUALLY PRESENT. 0.55 NATURAL SIZE. 

shows a face^ 20 ft. (6.1 m.) wide and 15 ft. (4.6 m.) high, and has been 
prospected by an open cut, a sample of which contained 31.9 per cent, 
of chromic oxide. The middle body, which shows an outcrop 75 ft. 
(23 m.) long and 50 ft. (15 m.) high, has been penetrated 35 ft. (11 m.) 
by a cut and a tunnel. A sample from the fines in the tunnel dump car- 
ried 25.9 per cent, chromic oxide. The southerly orebody is exposed to 
a length of 60 ft. (18 m.) and a height of 40 ft. (12 m.), but its thickness, 
had not been determined. A sample from the outcrop contained 40.5 per 
cent, chromic oxide. The alignment of the outcrops, their similarity in 
strike, and other geologic relations^suggest that the middle and southern 
orebodies, which are about 75 ft. (23 m.) apart, may possibly be parts 
of one lens of ore and thus be connected within the hill. The chro- 
mite on these claims is of medium grain, but a little coarser than that on 
the claims at the opposite side of the river. Seams of uvarovite are 
especially conspicuous in the chromite at the north prospect opening. 

The analyses, by R. C. Wells, in Table 3 show the general compo- 
sition of the ore in this locality; 
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Table 3. — Analyses of Chrome Ore from, the Cayoguan Group of Claims, 

near Moa Bay 



12 j 

13 

' 

1 

35 1 

IG 

CrjO, 

38.1 

34.8 

31.9 

25.9 

40.5 

Fe 

11.7 

10.2 

11.9 

13.0 

11.2 

SiOs 

0.9 

2.4 

4.3 

12.5 

1.9 

AI 2 O 3 

27.0 

29.0 

25.2 

20.1 

25.7 

S 




Trace 

None 

P 


1 


Trace 

None 

Ni 

— 


Present 

Trace 

Present 


Sample 12, Cayoguan claim; 13, Narciso claim; 14, Cromita claim, north body; 
15, Cromita claim, middle body; 16, Cromita claim, south body. 


The deposits of the Cayoguan group contain probably 22,500 tons 
of available chrome ore but may possibly yield 60,000 tons or more. 
These estimates include 2000 tons of float ore in Cayoguan River and a 
tributary arroyo. 

Potosi . — The next deposit toward the oast, which was examined, is 
on a claim known as the Potosi, on Saltadero Creek 4 mi. (6.4 km.) above 
its mouth. This creek is a tributaiy of Yamaniguey River, which enters 
Canete Bay 4 mi. below the mouth of the creek. In going to the deposit, 
the party was carried by scows about 2 mi. up Yamaniguey River and 
thence proceeded on foot by a trail to a camp site on the river just below 
the mouth of Saltadero Creek. From this point the deposit was reached 
by following the bed of Saltadero Creek, which it is generally passible 
to wade during the dry season. The Potosi claim is reported to bo held 
for a company manufacturing refractory material in the United States. 

The orebody is a lens dipping 50° to 70° toward the northwest, reach- 
ing a depth of more than 100 ft. (30 m.), and at one place has a thickness 
of 25 ft. (7.6 m.). The upper outcrop is on the stoop mountain side 325 
ft. (99 m.) above Saltadero Greek and 600 ft. (183 m.) above sea level. 
The orebody has been prospected by two drifts started respectively 50 
and 100 ft. (16 and 30 m.) below the outcrop, and by a crosscut 80 ft. 
(24 m.) distant from and a little lower than tlic upper drift. All these 
openings reach the orebody within short distances but do not intersect 
it in such a way as to show definitely its dimensions. There is much 
float ore on the slope below and also down the stream bed, some of it 
being in the form of boulders 8 ft. thick and 12 ft. long (Fig. 8) ; probably 
2000 tons of float ore could be recovered here. 

The ore is medium to coarse grained. Some of the material in the 
drifts is spotted, but most of the outcropping and float ore arc black and 
of good appearance. According to analyses accompanying the report 
of G. W. Maynard, who prospected the deposit in 1903, the ropresenta- 



ERNEST P. BURCHAED 


169 


tive ore contains 35 to 41 per cent, of chromic oxide, 1.4 to 15 per cent, 
of iron, 1.5 to 5 per cent, of silica, 5 to 17.5 per cent, of magnesia, and 25 
to 29 per cent, of alumina. The orebody contains small masses of perido- 
tite, which may reduce materially the quantity of ore available, as well 
as seams of serpentine and of olivine. This deposit contains 10,000 to 
perhaps 20,000 tons. 

The work of getting this ore to the coast involves a dif&cult problem 
in transportation. The gorge of Saltadero Creek is too narrow and wind- 
ing, and in places too steep, to permit the construction of any kind of 
road except at great expense, and even if a road could be built down to 
the mouth of Yamaniguey River it is doubtful whether steamers of proper 
draft could enter Canete Bay. The only feasible plan appears to be 



Fig. 8. — Boulders of chrome ore in Saltadero Creek 300 ft. vertically 

BELOW OREBODY ON POTOSI CLAIM. 


that of constructing an aerial tramway, about 3 mt. (4.8 km.) long, from 
the deposit over the mountain and down to a point on the coast 2 mi. 
(3.2 km.) southeast of Canete Bay, from which a cart road or light tram- 
way may be built 9 mi. (14 km.) southeastward to Taco Bay, where there 
is fair anchorage for steamers. 

Constancia . — This claim is situated M nii. (1.2 km.) south of Navas 
Bay and 100 ft. (30 m.) above sea level. It is reported to be owned by 
Tomas Gomez of Baraco^, Cuba, and is said to have been denounced 
originally as iron ore. There is no road to the claim at present, but one 
could easily be constructed. 

A small body of chrome ore outcrops on this claim. It appears to 
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extend 50 ft. (15 m.) along the face of a gently sloping hill and has been 
opened by a cut 25 ft. (7.5 ni.) long and 5H ft. (1.8 m.) deep. A few 
float boulders were noted in a gully 75 ft. northeast of the prospect, at 
about the same level. The ore is not of uniform quality; it is mostly low- 
grade and spotted, that is, chromite mixed with much serpentine gangue, 
but 6 ft. of fair ore is exposed in the cut. The mixed ore occurs in aggre- 
gates of chromite grains intergrown with quartz, magnesium carbonate 
(?), and serpentine. Thin sections of the two grades of ore, (a) the better 
grade, and (6) the average grade, are described by E. F. Bliss, as follows: 

(a) A heavy black to green rock composed chiefly of lustrous black chromite in 
rounded grains, embedded in a gangue of light green serpentine and partly covered 
with a white material which penetrates the rock in veinlets. The chromite occurs 
in masses of dark brown color and the material that penetrates and surrounds the 
chromite is seen to be composed of an aggregate of two white, cloudy, feebly bire- 
fracting minerals, one with low index, and one with a fairly high index, probably some 
varieties of serpentine. Associated with this birefringent material are two clear 
isotropic minerals. One has an index slightly higher than Canada balsam and 
contains i§o tropic grains, with index considerably higher than balsam. The section 
shows a small amount of colorless to green serpentine. 

(h) Similar in character to the better-grade ore, but the proportion of serpentine 
gangue to chromite is larger. The original character of the olivine is evident under 
the microscope and a few cores of original olivine still remain, whereas in the high- 
grade ore the original character of the gangue material is almost completely obscured. 
The cojitact between the olivine and chromite is often marked by a narrow rim of 
what is probably a recrystallized form of serpentine. This material, which appears 
to be possibly of later origin than the serpentine ganguo, penetrates the serpentinized 
olivine in minute stringers along the cracks. 

Analyses by R. C. Wells, of representative samples of the average ore 
and of the better ore are given in Table 4. 

Table 4- — Analyses of Chrome Ore from Constancia ClaiMj near 

Navas Bay 

j 17 ! 18 


f 

CxiOs , 27.6 j 39.4 

Fe n.9 I 11.5 

810, 8.9 I 4.9 

AI 2 O 3 .. 25.3 ! 20.6 


Sample 17, mixed ore; 18, clean ore. 

This material might be concentrated. No estimate of the quantity 
of ore could be made; very little float was seen near it and there are no 
indications of a large deposit. Water for concentration is available 
nearby in Navas 'River, and a road could easily be built to Navas Bay, 
which, however, is not deep enough for steamers, so that the ore would 
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have to be lightered 4 mi. (6.4 km.) northwestward to Taco Bay, or 10 
mi. (16 km.) southeastward to Baracoa. 

It is credibly reported that a body of at least 10,000 tons of material 
similar to the low-grade ore at the Constancia claim lies in the mountains 
8 mi. (13 km.) south of Navas Bay, but this deposit could not be examined 
within the time available. 

Other Deposits . — The occurrence of a number of other chrome-ore 
deposits in the mountains of eastern Oriente Province has been reported. 
One of these, on the Desiada claim, is in the vicinity of the Caledonia. 
On Yamaniguey River deposits have been reported on the Esperanza 
and on the Delta claim. Low-grade ore was reported on claims known 
as the Tinta, San Marino, and Tivoli. Near the Potosi claim others had 
been denounced for chromite, including the Cuba, Suerte, Republic, 
and Carmen. None of these reported deposits could be visited, but from 
inquiry it appears that none of them is considered to carry exceptional 
material, and all of them are disadvantageously situated with regard 
to economical exploitation and shipment of ore. 

Chromipbeous Iron Ores 

■ None of the extensive deposits of chromiferous iron ore that are found 
on the north coast of Oriente and Camaguey provinces was studied, 
but it is possible that a brief reference to them may be of interest to one 
who desires to look further into the subject. 

Brown iron ores carrying appreciable percentages of chromium occur 
as lateritic mantles overlying serpentine throughout large areas near the 
north coast of eastern Cuba, in the provinces of Oriente and Camaguey. 
The ore is in the form of ferruginous yellow clay with a top layer of spongy 
limonite and small hard pellets of limonite. The thickness of the de- 
posits varies, the pellet or “shot” ore generally not exceeding a few 
feet, but the ferruginous clay is in places more than 50 ft. (15 m.) deep. 
Locally the deposits contain abnormal percentages of chromium, such 
portions probably representing residual accumulations from broken- 
down bodies of chromite, but the raw ore as at present mined in the 
Mayari district carries about 1.5 per cent, chromium. In nodulizing, 
the greater part of the water is driven off and the percentages of the 
metallic constituents arc increased proportionately so that the chromium 
rises to about 2 per cent. Between 0.5 and 1 per cent, of nickel is also 
present in. the ore. Both the chromium and nickel contents are utilized 
in making “Mayari” steel, in which 1.3 to 1.5 per cent, of nickel and 
0.3 to 0.5 per cent, of chromium* are present. 

The principal areas containing these chromiferous, hydrous iron 
oxides are the Mayari district, 12 mi. (19.3 km.) south of Nipe Bay, the 


’ Communioation from Bethlehem Steel Co., Feb. 14, 1918. 
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Moa district, near Moa Bay, about 50 mi. (80 km.) east of Nipe Bay, both 
in Oriente Province, and the Cubitas district, 15 mi. (24 km.) north of the 
city of Camaguey, in the province of the same name. 

A series of papers describing some or all of these deposits was published 
in the Transactions^ in 1911 and included contributions by J. S. Cox, Jr., 
C. K. Leith and W. J. Mead, A. C. Spencer, C. W. Hayes, W. L. Cum- 
mings and B. L. Miller, D. E. Woodbridge and J. E. Little. Three 
other papers® have appeared elsewhere. 

Production and Reserves of Chrome Ore 

Under normal market conditions there was little stimulus to encour- 
age the exploitation of chrome-ore deposits in Cuba. The reported 
market prices for carload lots of imported chromite ex ship at New York, 
in 1912, were $14 to $16 per ton. The occurrence of large deposits near 
the sea in foreign countries, notably Greece, New Caledonia, and Rho- 
desia, has enabled chromite to be delivered and sold at low prices along 
the eastern coast of the United States. War conditions changed the 
situation materially, increasing the demand for chrome ore as well as 
the costs of transportation and labor. Import restrictions and a short- 
age of vessels also made supplies of chromite from distant sources 
difficult to obtain. Prices therefore rose rapidly, and in 1918 domestic 
ore of 38-per cent, grade was quoted at $47.50 per ton at railroad ship- 
ping points in California" low-grade ore from Canada was valued at an 
average of $31.56 per ton, and the average value of high-grade ore 
at shipping ports in Rhodesia, New Caledonia, and Brazil was $28.17 
per ton.® These prices stimulated chrome mining in Cuba, but 
not to the extent that might have been expected when the proximity 
of this island to the chrome-consuming centers in the United States is 
considered. 

Prior to 1916 there are no available records of imports of chrome ore 
from Cuba into the United States, although it is probable that some orci 
may have been imported in earlier years. Shipments to the United 
States, moreover, do not represent the total production of chrome 
ore in Cuba, for a little may have been shipped to other countries 
and some stocks never have been shipped from the mines. The im- 
ports for 1918 were 8821 tons averaging 40 per cent. Cr 203 j or 7057 


(1911) 42, 73--169. 

® A. C. Spencer: Three Deposits of Iron Ore in Cuba. U. S. Geol. Survey Bull 
340 (1908) 318-329. 

J. F. Kemp: The Mayari Iron-ore Deposits, Cuba. Trans, (1915) 51, 3-30. 

C. M. Weld: The Residual Brown Iron Ores of Cuba. Trans, (1909) 40, 
299-312. 

® Statistics communicated by J. S. Diller of the U. S. Geological Survey. 
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tons carrying an equivalent of 50 percent. CrsOs. More than half of 
this quantity came from the Caledonia mine. It seems probable that 
the total production of chrome ore in Cuba to the close of 1918 has 
amounted to between 7500 and 8000 gross tons of the equivalent of 50 
per cent. Cr 203 . 

The reserves of marketable chrome ore in Cuba were estimated by 
Mr. Burch and the writer to range from 92,500 to 170,000 gross tons, 
practically all of it in Oriente and Camaguey provinces. The largest 
known deposits — those of the Caledonia, Cayoguan group, and Potosi 
claims — are near the northeast coast of Oriente, in a‘ region difficult of 
access. Together they may yield 72,500 to possibly 130,000 tons of 
material, most of which can be brought to present commercial grade by 
simple concentration. With suitable transportation facilities and min- 
ing equipment, and sufficient labor, most of this ore could be mined and 
shipped within two years after these conditions had been established. 
At the time of the examination, only one deposit was ready for production 
and that on a very small scale, but its rate of production could have been 
greatly increased by the employment of more miners and pack animals 
or by the use of an aerial tramway. It would probably require more 
than a year to put the other deposits in eastern Oriente into shape for 
production. The next largest known group of deposits is near Cama- 
guey. They are easy of access but are of lower grade than those in 
Oriente Province. They appear to contain 20,000 to 40,000 tons of ore, 
most of which can be gathered by hand from the surface. 

Near Matanzas, Cardenas, and Holguin there are a few small ore de- 
posits and it is possible that further search may reveal bodies of greater 
commercial importance. The ore near Holguin is of medium grade, but 
that near Matanzas and Cardenas is generally of lower grade. The ex- 
pense of hauling is reported to have been almost prohibitive during the 
war and thus to have retarded production. 

DISCUSSION 

E. I. Montoulieu, Havana, Cuba. — very high grade of chrome 
deposit was discovered, shortly after Mr. Burchard's visit, north of 
Coliseo in the Province of Matanzas, and to the east of the city of that 
name. Over 500 tons of ore containing more than 50 per cent, of chromic 
oxide were shipped monthly until the signing of the armistice. Another 
large deposit was discovered in Camaguey Province, between the city 
of this name and Nuevitas. Development was just starting at the end 
of the war. A report of other chrome deposits in Santiago Province was 
also published, but no estimate of possible tonnage was available. 


^ XJ. S. Bureau of Foreign and Domestic Commerce. 
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J. A. Ede, La Salle, 111. — ^What is the relation between the chrome- 
ore and the manganese-ore deposits; how do they stand? 

E. P. Bubchard. — ^AU of the manganese deposits are found in later 
sedimentary rocks. The chrome ore is found in serpentine which has 
been formed by the alteration of basic rocks that have cut older rocks 
than those containing the manganese deposits. The manganese ores, for 
the most part, lie in rocks of upper Eocene age that may be said to over- 
lap the serpentines. I am not familiar enough with the geology of Cuba 
to absolutely place the serpentines. They seem to be younger than 
certain limestones that have been classed as Jurassic. 
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Magnesite: Its Geology, Products and Their Uses* 

BY C. D. DOLMAN, t CHEWELAH, WASH. 

(Chicago Meeting, September, 1919) 

Since the outbreak of the war we have discovered in the United States 
minerals of which there was no general knowledge, and which compared 
very favorably with anything that could be found in any foreign country. 
One of these was magnesite, or the carbonate of magnesium as it occurs 
in nature. This mineral crystallizes in the rhombohedral form, has a 
specific gravity of 3.00, molecular weight of 84.4, molecular volume of 
28.1, and a hardness of 3.5 to 4.5.^ Had it not been for the development 
of the California deposits of this mineral and the discovery of immense 
new deposits in Stevens County, Wash., the production of steel during' 
the war would have been more seriously handicapped than it was. Now 
that the war is over, we face the possibility of competition with the cheap 
Austro-Hungarian magnesite; and while that may not be so cheap as it 
was before the war, adequate protection should be given the producers in 
this country to insure the full development of our own resources. 

The consumption of magnesite in the United States in 1913, the year 
preceding the war, was 172,591 tons of calcined and 22,872 tons of crude 
magnesite. Less than 3 per cent, of this amount was produced at home. 
At the present time, practically all of the magnesite used in the United 
States is produced at home. Expensive plants have been constructed, 
extensive exploration work done, and production pushed to the utmost 
to supply the necessary requirements of the war. Thus a considerable 
industry has been built up within our borders. Some magnesite has 
been imported from Canada and Mexico, but the Canadian ore was of an 
inferior grade and could not be used satisfactorily. During the year 1918, 
production decreased in both the United States and Canada; the pro- 
duction in the United States was 225,000 tons in 1918 as against 315,000 
in 1917, and in Canada 39,365 tons in 1918 as against 58,090 in 1917. 
This decrease was mainly due to over-production during 1917, the domes- 
tic demand being only 300,000 tons. 

The material produced and sold in the United States must contain, 
in the crude form, not more than 3.5 per cent, silica and 2 per cent, lime; 


* Read at meeting of Columbia Section, under auspices of Spokane Engineering 
and Technical Association, March, 1919. 
t Chief Chemist, Northwest Magnesite Co. 

1 U. S. GeoL Sur. Evil 330, 351. 



176 


magnesite: its geology, products and their uses 


and in the dead-burned finished product, not more than 7 per cent, silica, 
4 per cent, lime, and 8 per cent, iron and aluminum oxides. 

Although magnesite is found in a number of different countries and 
seems to be widely distributed, there are only a few deposits of any great 
extent and capable of extended development. In the United States, 
there are two localities containing magnesite deposits capable of commer- 
cial development; namely, the California deposits and those of Stevens 
County, Wash. These deposits differ essentially and the Washington 
deposits are the more extensive and more easily mined. The California 
magnesite is similar to the Grecian, in being amorphous and occurring in 
serpentine rocks. The Washington deposits are similar to the Austro- 
Hungarian and Canadian ores and are of the massive crystalline variety. 

The prevailing impurities in the rock that cause trouble are silica and 
lime mostly in the forms of talc, asbestos, quartz, and calcium carbonate. 


Table 1 . — Analysis of Magnesite 


Source of Magnesite | 

CO 2 

SiOs 

CaO FeO Fe203 

R 2 O 3 MgO 

H 2 O 

Austrian, one sample 


0.55 

i 

4.95 

1 

4.40 


Napa County, Calif 

50.65 

1.99 

0.67 1.49 

45.01« 


Napa County, Calif 

50.11 

2.43 

1.57 2.40 

.... 43.62« 


Napa County, Calif 

49.05 

4.35 

2.11 1.71 

42.62® 


Napa County, Calif 

44.64 

12.65 

0.95 0.80 

.... 40.73® 


Finch Quarry, N. W. Magnesite Co., 






Stevens County, Wash 

49.70 

1.85 

1.74 0.88 

.... 45.20® 


Allen Quarry, American Mineral Produc- 






tions Co., Stevens County, Wash 

47.91 

5.33 

0.35 1.01 

.... 43.52® 


Allen Quarry, American Mineral Produc- 






tions Co., Stevens County, Wash 


2.73 

1 . 77 ft 



Finch Quarry, N. W. Magnesite Co., 






Stevens County, Wash., high-grade mate- 






rifll 


1.56 

0.31ft 

1.28 45.24ft 


Finch Quarry, N. W. Magnesite Co., 






Stevens County, Wash., Medium-grade 






materia)... 


2.25 

0.3Sft 

1.75 


Finch Quarry, N. W. Magnesite Co., 






Stevens County, Wash., as used for ferro- 


i 




magnesite 


3.28 

2 . 45 ft 

1.84 42.48ft 


Austro-Hungarian magnesite 

50.44 

0.45 

0.97 .... 3.66 

43,82c 


Austro-Hungarian magnesite 

47.99 

6.83 

4.52 2.02 

39.54« 


Grecian magnesite 

51.77 

0.20 

0.51 .... 0.40* 

47.11c 


Grecian magnesite 

51.26 

0.90 

1.63 0.86 

46.45® 


Grecian magnesite. 

49.88 

1.63 

1.44 1.36 

46.76® 


Hydromagnesite from Atlin, British Colum- 






bia 

35.98 

1.86 

2.04 .... 1.42 

41.13® 

18.02 

Hydromagnesite from Atlin, British Colum- 






bia 

36.17 

0.64 

0.68 .... 0.92 

42. 19® 

19.05 

Magnesite from Bridge River, British 






Columbia 

47.28 

7.46 

0.46 .... 1.04 

43. 42-^ 

0.68 

Magnesite from Bridge River, British 






Columbia 


4.08 

3.26 .... 1.54 

42.20- 



« Analyses from U. S. Geol. Survey Bull. 

ft Analyses made in Laboratory of Northwest Magnesite Co. 

« Analyses from Canadian Geol. Survey ilfem. 98. 
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The iron is added to improve the finished product by causing it to sinter 
more easily, thus giving it better binding properties. The lime causes 
the most trouble as it is difficult, if not impossible, from an industrial 
standpoint, to remove it economically, while the silica can be removed to a 
certain extent without too much expense. A few analyses of the diEferent 
important deposits of the mineral are given in Table 1. 

With a production of 110,0.00 tons of crude ore from June, 1918, to 
April, 1919, only 20 per cent., or one ton out of five, mined at the quarries 
of the Northwest Magnesite Co. was waste, whereas, in the Austro-Hunga- 
rian quarries it is necessary to mine and sort five tons of crude ore to 
produce one ton of finished product, or, two tons out of every three mined 
is waste. From this it may be seen that with close sorting a product just 
as pure, if not more pure than the foreign material, may be obtained from 
dom^tic sources. No great difficulty has been encountered by the 
Stev&s County producers in meeting the requirements of the refrac- 
tory trade. 

Geologt oe Magnesite 

The deposits of magnesite with which this paper deals more particu- 
larly are located near the town of Chewelah, Stevens Co., Wash., about 
65 mi. (104.6 km.) northwest of Spokane. The geology of the district, 
as given by the U. S. Geological Survey, is as follows: 

“The Stevens County magnesite occurs as a replacement of lenses of 
dolomite in sedimentary rocks, probably of pre-Cambrian age. Basic 
igneous intrusives occur above and below the magnesite in some places, 
but so far as observed not in contact with it. The dolomite is inter- 
bedded with schist, slate, and quartzite, and the lenses are from a few 
hundred to a few thousand feet long. Replacement by magnesite is 
variable from place to place, some parts of an original dolomite deposit 
being wholly replaced and others scarcely altered at all. The magnesite 
is c^stalline, varying from very fine to coarse grain, and in color is gray, 
white, black, pink, and red. The magnesite deposits are in mountainous 
country, where forest cover and hill wash conceal most of the bed-rock, 
and as the outcrops are discontinuous and the depth of the deposits is 
unknown, estimates of the quantity available may vary extremely. 
Computations of the quantity of magnesite in these deposits are astound- 
ingly large when compared with the quantity of magnesite found at other 
localities in the United States. On more than one of the properties an 
estimate of 1,000,000 tons of ore within 100 ft. (30.48 m.) of the surface is 
reasonable. It is safe to say that there are 7,000,000 tons of magnesite 
in the Stevens County district, and exploratory drilling may multiply 
this estimate many fold. The crystalline magnesite of Stevens Coimty 
is suited to refractory uses and is being shipped to large manufacturers df 
magnesite products in the Central and Eastern States. The crude 

voi. Laoii. — 12 . 
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material in Stevens County is abundant and of good quality and the new 
industry in Washington, if properly managed, should supply a large part 
of the domestic demand.” 

Referring more particularly to the Finch deposit, which is now being 
operated by the Northwest Magnesite Co., it may be said in general that 
the deposit is underlaid by serpentine and overlaid by quartzite. The 
magnesite is supposed to occur as a replacement in dolomite resulting from 
the action of circulating solutions rich in magnesia derived from the ser- 



Fig. 1. — The Finch quarkibs. 


pentine. In contact with the serpentine, there is usually found a shale 
very high in lime. The Ihne content decreases as the distance from the 
serpentine increases and finally grades through dolomite to magnesite of 
varying purity. 

On the Finch property there are four distinct zones in which the 
replacement has been sufiiciently complete to result in commercial mag- 
nesite. The general strike of these zones is nearly north and south and 
the dip about 60° to the west. The deposit has been explored by diamond 
drfiling to a depth of 300 ft. (91 m.). Portions of the magnesite are 
decidedly laminated ; other portions are massive. This latter, in general. 
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is the purest material, due to the fact that the laminated portions contain 
thin layers of talc and siliceous material. The magnesite is of crystalline 
structure and varies from very fine to very coarse. The color may be 
white, gray, pink, or nearly black. It occasionally has a distinctly 
bird^s~eye appearance, black spots occurring in a gray matrix. No 
amorphous magnesite is found in this locality. Magnesite, being less 
easily eroded than dolomite, is usually evidenced by bold outcrops. The 
portions of a deposit that are covered by overburden will, in general, 
be found to be high in lime. 

The trend of the Stevens County deposits is from northeast to south- 
west, covering a total distance of about 10 mi. (16 km.) The Finch 
property is on the extreme northeast end. Next comes the Allen property 
about distant, then the Woodbury approximately 1 mi. (1.6 km.) 

from the Allen. There is then a gap of 4 mi. (6.43 km.) to the Keystone 



Fig. 2. — Teamway, terminal mill, and dead-burning plant. 


property belonging to the Northwest Magnesite Co. About 2 mi. west 
of the Keystone is the Midnight claim, also belonging to the above 
company. Next come the Double Eagle and Red Marble, the latter 
being at the extreme southwest end of the zone. 

The Keystone deposit contains a lens of brucite, the hydrated oxide of 
magnesia. It stands vertically in the magnesite, is about 30 ft. (9.14 m.) 
through by 100 ft. (30 m.) long and of unknown depth. It was dis- 
covered many years ago and thought to be marble. A company was 
formed to exploit the deposit but proved a failure as the material weath- 
ered badly on exposure. An investigation by the Geological Survey 
proved it to be brucite instead of marble and mentioned the association 
with crystalline magnesite. When magnesite was sought in this country 
at the beginning of the war, these old records were found and an investi- 
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gation of this deposit resulted in the discovei^si^ and development of the 
Stevens County magnesite. 

Peoducts and Uses oe Magnesite 

By far the largest demand for magnesite at the present time comes 
from the steel makers, who use it in the form of dead-burned magnesite 
containing about 84 per cent, magnesia, 6 per cent, silica, 3.5 per cent, 
litne, 6.5 per cent, to 8 per cent, iron and aluminum oxides. It is also 
known as ferromagnesite. The bulk of this material is consumed by the 
basic open-hearth process of making steel. In this process, magnesia in 
the form of ferromagnesite is practically a necessity for the bottoms of the 
furnaces. Calcioed dolomite can be used but it slacks so easily upon 
exposure to the atmosphere that it causes much trouble. In addition, 
it is said to be almost impossible to obtain a dolomite bottom that will 
not become detached in spots and float. In constructing the bottom of 
an open-hearth steel furnace, a few courses of magnesite brick are first laid 
on the steel shell forming the bottom of the furnace, then thin layers of 
grain magnesite are successively fused on this foundation. While thus 
partly fused, it is easy to shape the bpttom as desired. 

Magnesia brick are also used in the construction of soaking pits, 
metal nuxeTs, billet and bar heating furnaces, copper converters and many 
special types of furnaces. In the form of grain and brick magnesite is 
also used extensively in copper reverberatories. 

The plants installed in the Stevens County district are now equipped 
solely for producing the types of refractory magnesite used in the various 
furnaces. These plants are owned by two companies and when operating 
at full capacity are able to furnish a large proportion of all the magnesite 
required in the United States under normal conditions. The American 
Mineral Production Co. has four upright stationary kilns at one quarry 
(the Allen) and two at another (the Woodbury). Two large rotary 
cement kilns located at Irvin, Wash., are used by this company to make 
ferromagnesite. A standard gage railroad about 7 mi. (11 m.) long 
has been constructed from the quarries to Valley, Wash., where it con- 
nects with the Great Northern Railway. 

The Northwest Magnesite Co., which is the largest producer in this 
district, has a completely equipped plant for grinding and burning the 
ore and the quarries are provided with the most up-to-date- machinery 
and elaborate quarters for the workmen. These quarters include a 
steam-heated clubhouse and a bunkhouse provided with steam heat, 
beds and individual rooms. A mill for the preliminary crushing of the ore 
is also located at the quarry besides all the ordinary equipment necessary 
for mining. The dead-burning plant of this company is situated on the 
Great Northern Railway close to the town of Chewelah, Wash. The 
plant, together with the development and equipment of the quarries. 
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represents an investment of about $1,000,000. It consists of a Bonnot 
coal-pulverizing system with a capacity of 6 tons of pulverized coal per 
hour, a mill for grinding and mixing crude magnesite and iron ore, five 125 
by 7M (38.1 by 2.28 m.) rotary kilns, a mill for crushing the finished 
product, storage floor and docks capable of storing 1000 tons of ferro- 
magnesite, an electric power plant, ojfice building, chemical laboratory, 
etc. The ore is carried from the quarries to the plant, a distance of 5 
mi. (8 km.) by an aerial tram. This tram was built by the Riblet Tram- 
way Co. of Spokane, Wash.; it has a capacity of 1200 tons per day and 
has operated with great efficiency. The capacity of the whole plant is 
about 7500 tons per month of dead-burned or ferromagnesite. The 
production for 1917 and 1918 was 61,805 tons and 80,430 tons of ore, 
respectively, calculated to a crude basis. 

The materials produced are confined to ferromagnesite and calcined 
magnesite, exclusively, since the demand for these materials, until re- 
cently, required all that the quarries could yield. 

Calcined magnesite is the crude magnesite burned at a high enough 
temperature to drive off the carbon dioxide (about 1200° C.); ferromag- 
nesite on the other hand must be proportioned and burned with great 
care. The crude magnesite is first crushed very fine and is then mixed 
with ground iron ore of a high grade mined at Chesaw, Wash. This 
material is then passed through rotary kilns, where the temperature 
must be carefully controlled and comes out in the form of small dark 
red balls, which are thoroughly dead-burned and shrunk. This product 
is then crushed and screened, the coarser particles being sold for the manu- 
facture of magnesia brick and the finer particles, called grain mag- 
nesite, being sold in bulk without further treatment for placing in 
basic open-hearth steel furnace bottoms. 

A dead-burned, sintered magnesite is sometimes made without the 
addition of iron ore. This product is used in making brick still more 
resistant to heat than the regular ferromagnesite. It requires about 2.2 
tons of crude magnesite to produce 1 ton of dead-burned magnesite. 
Calcined magnesite also is used in the manufacture of magnesite brick. 

Other refractory products manufactured from magnesite are magnesite 
crucibles, sintered magnesite tubing, magnesic porcelains and pure fused 
magnesia. Of these, the last two are the more important. Magnesic 
porcelains^ are composed of a mixture of magnesite and alumina or various 
clays. The peculiar property of this mixture is that the proportions of 
magnesite and alumina can be varied over an extremely wide range and 
the product still have a refractoriness greater than 1710° C. and great re- 
sistance to sudden changes of temperature. In the manufacture of this 


^Tram. Amtx, Cer. Soc. (1913) 16, 606-619 and A. B. Searle: Refractory Ma- 
terials.” London, 1917. C. Griffin & Co. 




182 magnesite: its geology, products and their uses 

product, according to Heinecke's metkod, 72 parts of magnesite and 28 
parts of alumina are mixed together, ground to a powder, burned at 
1470° C., cooled, powdered, mixed with dextrine, molded and again 
burned at 1710°. This refractory should find many uses, especially 
in processes where siliceous vessels cannot be employed. 

Pure fused magnesia is now being made electrically by the Norton Co. 
at Niagara Falls and is used as a basic refractory for electric-furnace 
linings. Another interesting use for this material that has come to 
the writer’s attention is as an electrical insulator at high temperatures. 
The research laboratory of the General Electric Co. has worked out a 
method of employing fused magnesia in the manufacture of sheathed 
resistance wire for heating elements used in a large number of devices. 
The fused magnesia is applied as a coating on nichrome resistance wire 
and, the writer is informed, is the best substance available for this pur- 
pose, being a good heat conductor and conducting very little electricity 
even at high temperatures.* Pure fused magnesia is transparent and 
very hard. 

While the development of the Stevens County deposits of magnesite 
has depended entirely on the use of magnesite as a refractory material, 
there are numerous other uses to which it can be put. One of the most 
important is for oxychloride or Sorel cement. This material consists 
of a mixture of caustic calcined magnesite (magnesite which retains 
from 2 to 8 per cent, of its carbon dioxide), magnesium chloride, 
asbestos, wood fiber, marble dust or other inert material. One process 
for its manufacture is as follows: with each 100 lb. (45.35 kg.) of sawdust 
2 to 5 lb. (0.9 to 2.26 kg), of linseed oil is thoroughly mixed; and this 
mass is then thoroughly mixed with to 3 lb. powdered caustic soda. 
Then 80 lb. of calcined magnesite and 40 lb. of dry magnesium chloride are 
added ^d the whole thoroughly mixed and reduced to a powder; enough 
water to reduce it to a plastic state is then added. Powdered marble 
or other hard substances may be used in the mixture in the proportion 
of 250 lb. (113.39 kg.) marble to 100 lb. sawdust, 100 lb. calcined mag- 
nesite, and 50 lb. (22.67 kg.) magnesium chloride. This product is much 
more widely used in Germany and Russia than in the United States. 
In Russia, it is made up into boards, which can be sawed, drilled, and 
used for the same purposes as wood lumber. WTiile in the United States 
some is used for Pullman car floors and sanitary kitchen floors, its use is 
not widespread due mainly to ignorance, faulty construction, and the 
poor quality of material supplied. With proper material and methods, 
this product could be used for many building purposes because it is both 
fire- and water-proof, is easily laid and cleaned, germ proof, tough, elastic, 
takes a good polish, and can be permanently colored as desired. With 


’ Private communication from G. M. J. Mackay. 
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the new deposits of magnesite opened up in a vicinity where there is a 
great lumber industry, we have the two main ingredients at hand for 
making oxychloride-cement products; namely,' wood fiber, in the form 
of sawdust, and magnesite. Magnesium chloride, another important 
ingredient, could be produced from the waste magnesite that is not fit 
for other uses. 

Another substance that is being widely used and giving excellent 
results is magnesia insulation for boilers, steam pipes, etc. This sub- 
stance, as now used, is composed of 85 per cent, light carbonate of mag- 
nesium and 15 per cent, asbestos, which is used only as a binder and not 
to increase the insulating qualities of the product. It can be readily 
produced from magnesite and if made properly is the best heat-insula- 
ting material known. This same compound, without the addition of 
asbestos, is used as a toilet preparation and for medicinal purposes. 

A very important metal which during the war was in great demand for 
the manufacture of flares, illuminating bombs, signal lights, and light 
alloys for aeroplane construction is magnesium, also a product of mag- 
nesite, and now being made electrolytically at Niagara Falls and other 
places. The manufacture of magnesium in the United States began 
when the supply of the metal from Germany was cut off. It is now 
being used mainly as a deoxidizing agent, and alloyed with aluminum, 
copper, nickel, monel metal, brasses, and Other metals^ to make light 
strong castings. Two per cent, of magnesium doubles the tensile 
strength of aluminum, quadruples its resistance to shock, decreases its 
cost of machining over 50 per cent., and makes it take a better pohsh. 
As a conductor of electricity, magnesium-aluminum alloys are parti- 
cularly serviceable for power transmission lines, having twice the strength 
of aluminum, and greater electrical conductivity, besides being lighter 
in weight. An alloy composed of 92 per cent, magnesium and 8 per 
cent, aluminum is said to be as strong as gun metal. Another alloy of 
magnesium which has remarkable properties is composed of lead 66 per 
cent, and magnesium 35 per cent.® When added to boiling water, this 
alloy will rapidly react to produce hydrogen gas useful for aircraft and 
other purposes, thus dispensing with the ordinary inconvenient cylinders 
containing the gas under pressure. After the reaction has taken place, 
very pure forms of magnesium and lead hydroxides remain, which can 
be made up into excellent paint, pure lead peroxide, litharge, and minium 
with excellent physical properties and by simple processes. The alloy 
containing 15 per cent, magnesium and 85 per cent, lead is used for ab- 
stracting oxygen from the air in the cold and is useful in creating a 
vacuum. The only drawback to the more general use of magnesium is 


^ Chem. & Met Eng. (Sept. 28, 1918) 19, 525. 

6 Chem. <fc Met. Eng. (Dec, 1, 1918) 19, 776-7, 
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its tii gTi cost of production. Research, however, will probably overcome 
this difficulty in the near future. 

The other products of magnesite, while not in such great demand, are 
still important. Am ong these may be mentioned magnesium sulfate, 
magnesium chloride, and magnesium hydroxide. Magnesium sulfate is 
used for medicinal purposes, tanning leather, warp sizing in cotton mills, 
fire-proofing, and in chemical laboratories. This salt can be made by 
treating magnesite with sulfuric acid and is being so made in the United 
States. Magnesium chloride is used for bleaching purposes, in the manu- 
facture of oxychloride cement, in the manufacture of cold-water paint, 
and in the manufacture of cotton goods. This salt is now being manu- 
factured in the United States by treating magnesite with hydrochloric 
acid. Magnesium hydroxide is used in sugar refining. 

A considerable quantity of magnesite is used in the manufacture of 
chemically prepared wood pulp for paper manufacture. It is used in 
the form of magnesium bisulfite and is preferred on account of its 
greater stability and because of its greater solvent action on wood resins. 

Minor uses for magnesite are : in the form of carbonate, in tooth paste 
and to prevent scale in boilers; as oxide, in dynamite and in the rubber 
industry; as organic compounds of magnesium, in medicine; as calcined 
magnesite, in filtering oils and neutralizing the contained acids and as 
paint pigment. 

Conclusion 

In the foregoing the writer has tried to give as complete an idea as 
possible of the magnesite industry in Washington and to show some of 
its great possibilities. With abimdant water-power available on the 
Spokane, Pend Oreille, and Kettle Rivers and with raw materials, such 
as clays, waste wood, and magnesite in large quantities close at hand, 
to say nothing of the other large mineral deposits, there are great oppor- 
tunities for building up important and revolutionizing industries here in 
the Northwest. 

DISCUSSION 

A. Malinovszky,* Belleville, 111. (written discussionf). — I have 
■been very much interested in Mr. Dolman’s paper. We all realize, I 
trbinV, that this question of developing our home industries and support- 
ing the new industries which have developed during the great war is 
very important at present. 

Mr. Dolman has well shown the quantity and quality of the raw 
magnesite in the United States, and the commercial and industrial 
possibility of our home magnesite and I believe, with him, that our home 

t Rfioeived Sept. 3, 1919. 
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industries should receive adequate protection. There are two reasons, 
however, for believing that this may be difficult. 

One reason is that much American capital is invested in the Austro- 
Hungarian magnesite industry. The raw magnesite can be quarried 
and prepared for the market in Austria with much cheaper labor expense 
t&an in the United States; large deposits which are very easy to quarry 
and good transportation facilities also contribute to the cheapness of 
production. 

The second reason is the old saying that the magnesite found in the 
United States is not of the same quality as the Austro-Hungarian mag- 
nesite; this I doubt. Even if the magnesite found here does not in a 
raw state equal the Austro-Hungarian, it can be synthetized so that 
the finished article will have the same properties as the Austro-Hun- 
garian finished magnesite refractory possesses. Raw magnesite from 
Greece is not the same as the Austro-Hungarian, but it has been demon- 
strated that a good refractory can be made from the Greek product. 

The first reason can be overcome by the loyalty to the United States 
of the men who are interested in the foreign magnesite industry. Their 
choice should be not to develop foreign industries and a home market, 
thus depressing the home industries, but to develop the home industries 
and a foreign market, and thus help to build up our commerce with other 
nations. The United States leads in iron, steel and copper production, 
and therefore an enormous quantity of magnesite refractory will be con- 
sumed at home in many different industries for many years to come. 

The answer to the second reason is that the well known Veitsch 
Magnesite Co., in Austria, has not won its name and place in the world 
market by the purity or special property of the raw magnesite, as many 
in the United States believe. The Austrian raw magnesite varies con- 
siderably in siderite (chalybite) whereas the marketed finished product is 
very uniform. The Austro-Hungarian magnesite refractory product 
has succeeded in conquering the world market by a high standard uni- 
formity, by skilful technical management, by careful sorting, by calcin- 
ing at high temperature, by careful grinding and sizing the high calcined 
product, by making into brick under a high pressure, by careful drying 
and then burning at a high temperature. 

If the American raw magnesite is carefully sorted, dressed and mixed 
with the iron ore, and then calcined to a high prolonged temperature, 
carefully ground to the required size of grains, pressed under a high pres- 
sure, then carefully dried and burned at high temperature, a first class 
product can be obtained, equal to any magnesite refractory produced 
abroad. Homogeneous condition and good conversion of the magnesite 
to periclase by high temperature is of the greatest importance. After 
the raw magnesite is carefully sorted and mixed, it should be calcined to a 
high temperature (about 1500® C. or better) since this is the important 
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factor in transforming magnesite into a dense crystalline product of peri- 
clase; and a good quality of magnesite refractory brick should consist of 
a high percentage of periclase. 

By this process of high calcination and conversion of the caustic 
magnesite to periclase, the maximum volume shrinkage is obtained, so 
that after grinding and careful sizing of the grains, the additional shrink- 
age in the final burning of the brick will be very small, and there will be 
no further shrinkage after the brick is placed in use in the furnace wall 
and kept in continuous furnace condition. 

It is very important to standardize the finished product as the weakest 
point of most refractories is excessive shrinkage when in use, which leaves 
great spaces at the joints and causes the brick to give way. 

The binder, which is also a very important factor, should be carefully 
selected and tested to determine the kind of binder to be used and the 
amount needed to give the best and most satisfactory result. The mor- 
tar in which the magnesite brick is laid in the furnace wall is just as 
important as the brick itself. Therefore care should be given to see that 
this material is as carefully prepared as the material for the brick. 

After all, the aim of the American magnesite refractory makers 
should be to produce a uniform standard quality, so that the users of 
basic refractories can rely on the quality and get accustomed to it. This 
can be attained by skilled technical management at every stage in the 
manufacturing process, from the quarry to the final burning and cooling. 

Theo. C. Denis, Quebec, Can. (written discussion*). — In Mr. Dol- 
man^s paper I notice the following statement: ^^Some magnesite has 
been imported from Canada and Mexico, but the Canadian ore was of 
an inferior grade, and could not be used satisfactorily. During the year 
1918, production decreased in both the United States and Canada/' 

As regards dead-burned magnesite made in the Province of Quebec, 
the two statements give a wrong impression. I have before me two in- 
complete lists of users of Quebec dead-burned magnesite to whom con,- 
siderable shipments were made during 1918 and 1919. They comprise 
some thirty-five names, of which I will enumerate only a few: Bethlehem 
Steel Co.; Carnegie Steel Co.; Jones and Laughlin; Atlas Crucible Steel 
Co.; Halcomb Steel Co.; Ludlum Steel Co.; Algoma Steel Co.; Steel 
Company of Canada; Dominion Iron and Steel Co.; and others. 

I have the assertion of the two principal Canadian magnesite com- 
panies producing dead-burned magnesite that from all the users of their 
products only one complaint was ever received, and this was that the 
nodules, or grains, of magnesite were rather coarse, a matter that was 
easily remedied. 

I know personally one of the high technical oflEicers of the Steel Com- 


* Received Jan. 14, 1920. 
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pany of Canada, to whom I have frequently spoken of our Quebec mag- 
nesite, and he has at various times asserted that the Steel Company of 
Canada was getting quite as good results with our magnesite as with the 
Austrian article of pre-war days. 

I wish also to point out that for 1917, when Quebec first began to 
sinter magnesite, the production of dead-burned of the Province was 
3386 tons, and in 1918 it was 21,349 tons; that the chnkering of the mag- 
nesite has so far been done in old cement mills, at Hull and at Montreal, 
which means railroad hauls of 70 and 55 miles respectively for the crude 
magnesite and necessarily makeshift installations; that two companies 
are at present completing sintering plants at the magnesite quarries 
themselves, and that these facts do not bear out Mr. Dolman’s statement 
that “the Canadian ore was of an inferior grade and could not be used 
satisfactorily.” 

C. D. Dolman (author’s reply to discussion).* — The information pub- 
lished in the paper was received from one of the largest users of magnesite 
in the United States, as well as from other sources. In writing this 
paper it was not the purpose of the author to criticize Canadian magnesite, 
but to state the facts as he could determine them. 

The U. S. Geological Survey Press Bulletin for August, 1918, says: 
“it (Canadian magnesite) is being substituted for the higher grade 
domestic materi3,l.” Besides, it is generally accepted by manufacturers 
and users of magnesite in the United States that any dead-burned mag- 
nesite containing more than 4 to 5 per cent, calcium oxide is not satis- 
factory material for all refractory purposes. The author does not doubt, 
however, that Canadian magnesite can be profitably used for some pur- 
poses. The production of magnesite in Canada was obtained from 
Mining and Scientific Press of March 22, 1919. 
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Correlation of Formations of Huronian Group in Michigan 

BY R. C. AliLEN,* M. A., LANSING, MICH. 

(Chicago Meeting, September, 1919) 

About four years ago the writer proposed a revision of the correlation 
of the Huronian formations in Michigan, and noted the bearing of the 
question on the correlations of the Huronian rocks in Wisconsin and 
Minnesota.^ Dr. C. K. Leith opposed this revision and argued for the 
retention of the correlations of the United States Geological Survey, 
published in 1911,® for which he and Dr. Van Hise were mainly responsi- 
ble. As late as June, 1917, Harder and Johnson, following Leith, thought 
it “premature to change radically a correlation based on years of careful 
field work.”® 

The work of Wolff on the Mesabi and Cuynna Ranges, of Hotchkiss 
on the Gogebic Range (unpublished), and of the writer and assistants on 
the Michigan ranges, together with data developed by exploratory and 
mining operations, has introduced so many new facts not recognized 
in the scheme of the U. S. Geological Survey that the correlations of 1911 
must be considered, in some important respects, obsolete. Indeed, new 
data are accumulating so rapidly that any classification, which for the 
moment may seem best to explain the facts, is almost immediately 
modified or refined by further observations. 

The problem of Huronian correlations is difficult, but interesting and 
important. With the aid of fossils, stratigraphers of the post-Algonkian 
formations have been able to show that slight disconformities may sepa- 
rate strata of vastly different ages, and that within physically conform- 
able strata may be concealed a hiatus of great magnitude. In the 
non-fossiliferous Huronian group, minor physical breaks in the strata are 
only beginning to attract attention, and it is too early to discuss what 
bearing these will have in corrdating the formations of one area with 
those of another, but it is safe to say that the “lost intervals” which are 
not disclosed by physical relationships will remain forever lost; there- 
fore we may not hope to discover the ultimate truth concerning the 


• State Qeologist of Michigan. 

‘ JwZ. Qeol. (Nov.-Dee., 1915) 23. 

• C. R. Van Hise and O. K. Leith: Geology of the Lake Superior Region. U. S. 
Geol. Survey Monograph 52. 

• Notes on the Geology and Iron Ores of the Cuyuna District of Minnesota. U. S. 
Gteol. Survey Bv,U. 660-A. 



B. C. ALLEN 


189 


Huronian period, but this is not a reason why new facts should not be 
accommodated immediately in the general classification. There is much 
to be gained by continuous adjustment and readjustment of the correla- 
tions, to keep pace with new evidence, for these attempts not only bring 
us closer to the unattainable truth but develop new economic aspects 
of exploration for iron ore. 

The writer’s suggestions in 1915 were founded on discoveries of major 
unconformities in the then supposedly uppermost Huronian series (Ani- 
mikie of the earlier writers) of the Gogebic, Crystal Falls, and Gwinn 
districts, of which no account had been taken in the most recent corrda- 
tions of the U. S. Geological Survey. Since then a great unconformity 
in the heretofore supposedly uppermost series on the Menominee Range 
of Dickinson County has been brought to light. The amendments 
to the TJ. S. Geological Survey correlations which are now proposed are a 
consequence mainly of the following facts: 

1. The Hmonian series exhibits clearly three divisions or groups of 
similar formations separated by major unconformities in nearly every 
so-called “district” in Michigan, including the Marquette, Gwinn, 
Metropolitan, Menominee, Crystal Palls and Gogebic, and, so far as 
known at this time, not more than three major divisions in any district. 

The most recently published correlation of the U. S. Gfeological Survey 
recognizes this succession in only a single district — the Marquette (the 
suggestion of a Middle Huronian series on the Menominee Range, in 
Monograph 52, 1911, was later withdrawn by its author. Dr. C. K. Leith). 

2. In five of these districts the main iron-bearing formation is in the 
middle group. In • the remaining district (Iron River-Crystal Palls) 
only a part of the iron formation is certainly in the middle group, while 
as to the remaining and greater part there is doubt whether it belonp in 
the middle or in the upper group. 

The U. S. Geological Survey correlation places all of the iron forma- 
tions outside of the Marquette district in the uppermost Huronian, or 
Animikie group; the iron formation of the Marquette Range alone is 
placed in the Middle Huronian group. 

3. The recently discovered major unconformities are all within the 
Animikie or uppermost Huronian group of the XJ. S. Geological Survey, 
and without exception above the main productive iron-bearing member 
of this group. The term “Animikie,” therefore, must either have a new 
definition or must be discarded. The Lower Huronian group of the 
U. S. Geological Survey remains as defined heretofore. 

The writer’s revision in 1915, on the basis of these facts, but not in- 
cluding the recent observations on the Menominee Range (which will be 
discussed in the second part of this paper) impressed Dr. C. K. Leith as 
“interesting possibilities” which he says “in the present state of knowl- 
edge cannot stand.” The writer makes no claim of finality for his own 
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corrdations, but it is difficult for him to reconcile the significant new facts 
just stated with “Arguments for Retainiag the Present Correlations. 

In dissenting from the suggested changes, Leith made no disposition of 
the new facts. If the facts are admitted, it follows that their conse- 
quences on the correlations cannot be denied. There is room for argu- 
ment on the character and extent of the modifications themselves, but 
none, we think, on the necessity of accounting for the new facts in the 
classification of the Huronian strata. 

The difficulties with the present U. S. Geological Survey classification 
have their roots in history. The field work which gave rise to that classi- 
fication was finished prior to 1904. None of the six monographs on the 
iron ranges of Michigan, Wisconsin, and Minnesota, which were published 
at intervals from 1892 to 1904, contains any reference to more than two 
Huronian groups. The origin of the old classification seems to lie in 
the work of Alexander Winchell® who, by 1891, had divided Logan’s 
Huronian sedimentary series of the north shore of Lake Huron (Original 
Huronian area) into two groups separated by a great unconformity; 
this is the origin of the terms Upper Huronian and Lower Huronian. 
Winchell’s observations were confirmed by Van Hise and Pumpelly® 
in i892, the year in which the first of the monographs was published. 
Subsequently, each of the districts south of the Canadian boundary was 
found by the geologists of the U. S. Geological Survey to contain two 
Huronian groups, and the subject of correlations was, therefore, appar- 
ently treated as one of great simplicity. The lower and the upper group 
of one district were correlated respectively with the lower and the upper 
group of every other district, including the Original Huronian Area. 
This disposition in some cases effected a union of dissimilar sedimentary 
groups in contiguous small areas. 

The first modification of the dual classification appeared about 1904, 
when A. E. Seaman found a great unconformity wMch had been over- 
looked in the Huronian of the Marquette Range. The Middle Huronian 
was then established to accommodate this local situation. This event 
had as much importance to pre-Cambrian geology as the discovery of a 
new series, possessing as much significance as is now accorded to the 
Cambrian or the Devonian, would be to Paleozoic geology. No exten- 
sive re-examination of other Michigan districts in search of possible mid- 
dle Huronian correlatives was undertaken, and the dual classification in 
Michigan, outside the Marquette Range, was carried into the final mono- 
graph (No. 52) which summarized the geology of the Lake Superior^ 
region. It should be said, however, that additional field work on the 

‘C. K. Leith: Jnl. Oeol. (Nov.-Dee., 1916) 23. 

' Am. Geologist (1890) 6, 360-70. 

‘ Am. Jrd. Sci. [3] (1892) 48 , 224-32. 
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Michigan ranges prior to 1911 could not have added much to the cor- 
relation data. Drilling and mining since 1911 has developed most of 
the information which it is desired to accommodate in this revised 
classification. 

In the meantime, the writer and assistants had undertaken a system- 
atic field exploration of the area lying between the Iron River and Goge- 
bic districts of Michigan. Working westward from the Iron River 
region in 1910, the vicinity of Lake Gogebic was reached by 1913. Here, 
in T. 46 N., R. 42 W., just south of the lake, a situation developed which 
led directly to the discovery of a third division of the Hmonian of the 
Gogebic Range, the Copps group. Crossing the northern part of this 
township is a belt of highly metamorphosed sediments comprising an 
iron formation, of thickness unmeasured, which is underlain by a gray- 
wacke-quartzite formation and overlain by several thousand feet of 
slate. This succession is similar to the Ironwood iron-bearing group of 
the eastern part of the adjacent Gogebic Range, as described by Van 
Hise and Irving, from which it is separated by a granite mass about 6 
mi. (9.6 km.) broad, mapped and described by these geologists as Arch- 
ean.^ But. we were unable to establish a satisfactory structural con- 
nection between the similar sedimentary groups on the opposite sides 
of this granite mass, on the assumption that it is Archean. Great masses 
of granite southward and eastward had been found to intrude the Huron- 
ian, and this led us to consider the possibility that Van Hise and Irving 
had misinterpreted the relation of the granite to the Huronian sediments 
of the east end of the range. In order to determine this matter, the 
Gogebic Range from Gogebic Lake westward for 12 mi. (19 km.) was 
examined during the summer of 1914, by a party in charge of L. P. 
Barrett, with the following results: The granite (Presque Isle) was found 
to intrude the iron-bearing series of the Gogebic Range, and to yield 
boulders and finer detritus to a conglomerate at the base of a thick 
graywacke-slate series (Copps Group) lying on the iron-bearing group 
with great angular unconformity, and overlain, with marked uncon- 
formity, by the Keweenawan series.* 

This unconformity, it will be observed, splits the Animikie or Upper 
Huronian of Van Hise into two divisions separated by a major uncon- 
formity. We have suggested the name Copps for the uppermost group. 
It constitutes the uppermost Huronian group in this district, and there- 
fore the Ironwood series, which is unconformably below it, can no longer 
properly be called Upper Huronian. 

W, 0. Hotchkiss has recently traced a well marked conglomerate 
at the base of the great Tyler slate formation for many miles in Wiscon- 


’’ TJ. 8. Geol. Survey Monograph 19. 

* R. C. Allen and L. P. Baxrett: Michigan Geol. Survey Publication 18. 
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sin and Michigan; he thinks it marks an uncomformity of considerable 
magnitude. This discovery suggests the equivalence of the Tyler and 
Copps formations of the Gogebic Range. Lithologic characteristics 
broadly considered, particularly the occurrence of ferruginous beds in 
both formations, point in the same direction. The writer was inclined 
to consider the Copps and Tyler formations as identical prior to Hotch- 
kisses discovery, and is still so inclined, but Hotchkiss is noncommittal 
if not actually opposed to this assumption.^ 

Let us now consider the general bearing of this split in the old Ani- 
mikie group on the correlations in Michigan. The dual classification 
was applied to the original Huronian area in 1891, to the Gogebic Range 
at about the same time, a few years later to the Marquette Range, and 
by 1904 it had been extended to the entire Lake Superior region. The 
single unconformity within the Huronian, which was identified by Van 
Hise and associates, now appears in some Michigan districts to separate 
the Lower and Middle groups, and in others the Middle and Upper 
groups. Thus it happened that the great iron-bearing series of the 
Marquette Range fell in the Lower Huronian and those of the other 
ranges in the Upper Huronian. The Negaunee .iron-bearing series of 
the Marquette Range was set apart in the classification from similar 
series in neighboring districts until 1913, when the writer determined its 
equivalence with the iron-bearing series of the Gwinn district.^® 

It will be recalled that the setting apart of the Negaunee iron- 
bearing series in 1904 as the new Middle Huronian still left it without 
a correlative in the Lake Superior region. Since 1913, the uncon- 
formity within the Animikie has been traced to the northern Crystal 
Falls district (1914), Gogebic district (1914) and Menominee district 
(1917), and in each of these districts the iron-bearing series of the old 
Animikie now apparently constitutes the Middle Huronian group, 
with an unconformable sedimentary series above it and another below 
it; that is to say, its stratigraphic position is apparently identically that 
of the Negaunee iron-bearing series of the Marquette and Gwinn dis- 
tricts. The Middle Huronian group, therefore, seems to be present 
throughout the Huronian areas of Michigan, and carries the distinctive 
members of the old Animikie, the main iron-bearing series. Whether 
the name Animikie shall be retained for the portion remaining as the 
Upper Huronian, or shall follow its most distinctive members into the 
Middle Huronian, may be left for later decision. 

The accompanying figure is a generalized graphic representation of the 
Huronian succession in Michigan, so far as it is known at this time. 


® Statement- based on conversation with Mr. Hotchkiss. 
/nl O^ol ( 1914 ) 22 , 560 - 73 , 
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Middle-upper Huronian Unconformity in Menominee 
Iron-bearing District op Michigan 

In 1904, W. S. Bayley, under the supervision of Charles R. Van Hise, 
summarized the literature of the Menominee district and described the 
geology in great detail.^^ In 1911, Van Hise and Leith greatly condensed 
and to some extent revised Bayley’s descriptions. These writers 
present the following succession and correlation of the pre-Cambrian 
formations. 


Archean System 

Keweenawan Series 
Eruptive Contact 


Upper Huronian 


Huronian Series. 

Unconformity. 

Middle Huronian 


Granite. 

Quinnesec schist — ^basic eruptives. 
Hanbury slate, including iron- 
bearing beds. 

Vulcan formation, divided into 
Curry iron-bearing member, 
Brier slate and 

Traders iron-bearing member. 


Quartzite, not separated from 
Randville dolomite in mapping • 
for most of the district. 


Unconformity 
Lower Huronian 


Randville dolomite. 
Sturgeon Quartzite. 


Great Unconformity 

Laurentian Series Granite and gneisses, cut by granite and dia- 

base dikes. 

Eruptive Contact 

Keewatin Series Green schists (not separated in mapping 

from Laurentian). 


The above correlation departs from that of Bayley in three important 
particulars: (a) Bayley classified the Quinnesec eruptive green schists 
with the Keewatin, (6) the granite which intrudes them (Keweenawan 
in the above table) with the Laurentian, and (c) did not recognize a 
Middle Huronian. The true relations of the Quinnesec schists were 
determined by W. 0. Hotchkiss in 1910.^® In the same year, C. K. 
Leith placed the cherty quartzite-conglomerate, which lies on the 
Randville dolomite aj; Iron Hill, in the Middle Huronian, but after the 
publication of this yiew^^ he withdrew and returned to Bayley^s 
classification of the Huronian sedimentaries. 


U. S. Geol. Survey Monograph 46. xj, S. GeoL Survey Monograph 52. 

S. Geol. Survey Monograph 52, 344-6. 

U. S: Geol. Survey Monograph 52. 

15 Verbal communication to the writer. 
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It will here be shown: (1) that the Upper Huronian or Animikie, 
of Bayley, Van Hise, and Leith, is divided by a major unconformity 
representing a period of emergence and deep erosion; (2) that this un- 
conformity lies at the base of the great Hanbury slate series; (3) that a 
part of the Hanbury, as identified by Bayley, is below this unconformity. 

The existence of this unconformity was considered by Bayley in 1904, 
but after a careful review of the evidence on both sides of the question, 
he decided against it. The opposite view was advanced by Lane and 
Seaman in 1908^® without much discussion of the evidence. The writer 
considered the subject in 1915^^ and was content to accept Bayley^s 
interpretation of the evidence pending further field studies. In the fall 
of 1916, several weeks were devoted to a reexamination of the east end of 
the Menominee range, and an examination of critical localities so firmly 
inclined the writer to the opinion of Lane and Seaman that he classified 
the Hanbury series as “Undifferentiated Middle-Upper Huronian’^ 
on a new geological map of Michigan^® as an indication of his opinion 
that part of the Hanbury may be Upper Huronian and a part Middle 
Huronian. The results of recent explorations, which will be described, 
have decided the question beyond further doubt. 

General Description of the Huronian Sedimentary Formations 

For a complete description of the Huronian sedimentaries, the reader 
is referred to Bayley.^® We will here discuss them briefly for the reader 
who is not familiar with the literature of Huronian correlations. 

The Huronian series of the Menominee Range lies on the Archeozoic 
complex, from which it is separated by a great unconformity representing 
an interval of enormous duration. It comprises three separate series of 
sedimentary formations: 

The Lower Huronian group contains two great, strongly contrasted 
formations. The lower one, the Sturgeon formation, is 1000 to 1250 ft. 
(305 to 380 m.) thick. It has a basal conglomerate composed of frag- 
ments of the Archean “ Basement Complex,'^ mainly granites and gneisses. 
Above the conglomerate, and associated with it, are arkoses and gray- 
wackes, and these in turn grade into the main phase, a massive quartzite. 
The Sturgeon formation is conformably overlain by the Randville, which 
is mainly cherty dolomite, interbedded with quartzose and talcose facies. 
It is about 1000 to 1500 ft. (305 to 457 m.) thick. 

The Middle Huronian group is composed almost entirely of iron- 
bearing and slate beds, which were grouped by Bayley under the name 


A. C. Lane and A. E. Seaman: Michigan Geol. Survey Annual Bept, 1908. 
C. K. Leith and R. C. Allen: Discussion of correlations, Jnl. Gecl. (1915) 23. 
Michigan Geol. and Biol. Survey Publication 23. 
i®U. S. Geol. Survey Monograph 46. 
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Vulcan fonnation; it overlies the Lower Huronian group unconformably. 
The lowest member is the Traders, an iron formation with a thin detrital 
base which is in some places conglomerate, in others quartzite, and in 
s till others slate; in some localities the basal beds contain two or all of 
these facies. The Brier slate overlies the Traders member. It is a well 
banded, siliceous, ferruginous rock grading" into the Traders below and 
into the Gurry iron-bearing member above. The Curry member is in 
turn overlain by slate of variable thickness, up to probably several hun- 
dred feet, which was classified by Bayley with the Hanbury formation. 
The thickness of the Vulcan group, from its base to the top of the Curry, 
averages about 660 ft. (198 m.), the Brier slate 330 ft. (100 m.), and the 
Curry member 170 ft. (52 m.). 

The U'pper Huronian Group . — The Hanbury formation is in uncon- 
formable contact with both the Lower and the Middle Huronian groups. 
It is composed mainly of normal clay slate interbedded with layers 
and lenses of quartzite, graywacke, calcareous slate, graphitic slate and 
ferruginous, siliceous beds. The basal member is conglomerate carrying 
fragments of both of the underlying groups. The thickness of Hanbury 
is not known but it is doutbless several thousand feet and may exceed 
5000 ft. (1624 m.). 

The Quinnesec schists, volcanic extrusive rocks of great but unknown 
thickness, succeed the Hanbury formation and are to a certain extent 
interbedded with it. These rocks are intruded by a great granite mass 
lying south of the Menominee river in Wisconsin. Basic dikes, probably 
equivalent to the Quiimesec schists in_ age, intrude the Hanbury and 
younger formations. 

Chronology of the Huronian Period- 

All observations up to this time confirm the structural parallelism 
of the Huronian sedimentaries as described by Bayley. Their present 
distribution is therefore ascribed most largely to deformation in the 
Epi-Huronian interval followed by erosion terminating in the late Cam- 
brian submergence. Post-Paleozoic erosion has not yet quite succeeded 
in re-exhuming the pre-Cambrian topography of the range and has had no 
appreciable effect on the distribution of the Huronian rocks. However, 
we sbg.ll see that erosion in the Epi-Middle Huronian interval has had a 
conspicuous effect, although the emergent interval separating the Lower 
and Middle Huronian periods has left no discernible traces in the present 
dis tribution of the rocks. 

The Middle Huronian rocks are everywhere m contact with the 
Randville dolomite of the Lower Huronian, We conclude, therefore, 
that the Middle Huronian sea submerged a land surface formed exclu- 
sively of this formation, and that erosion in the Epi-Lower Huronian inter- 
val succeeded nowhere in cutting through it although it may have reihoved 
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completely other formations of which no trace remains. Bayley thought 
that the Lower Huronian originally contained an iron-bearing formation 
younger than the Randville dolomite, because pebbles of jasper occur in 
the basal conglomerate of the Middle Huronian. Similar pebbles occur 
in the basal horizons of other Middle Huronian iron formations, notably 
the Ironwood of the Gogebic and the Negaunee of the Marquette Range. 

So far as may be inferred from the facts of observation it appears that 
the Epi-Lower Huronian interval was one of quiescence during which 
erosion worked slowly downward on an unwarped surface of Lower 
Huronian rocks. At the close of the interval the land surface was formed 
of Randville dolomite rather unevenly eroded into valleys and ridges 
with a maximum relief of several hundred feet, as shown by the progres- 
sive overlapping of the Middle Huronian formations. 

The transgression of the Middle Huronian sea, as explained by Bayley, 
seems to have taken place gradually and very slowly. In the early 
stages the sea was dotted with islands but these were gradually submerged 
and finally disappeared. This interpretation rests on the observation 
of the manner in which the different members of the Vulcan group (Middle 
Huronian) come into contact with the Randville dolomite. Where one 
of them is absent it is always the youngest, or Traders; where two are 
absent they are the Traders and Brier, and where only one is present it is 
the Curry. Where the entire group is absent the Hanbury slate is in 
contact with the Randville formation. It was this phenomenon which 
led Bayley into the error of misinterpreting the relations of the Hanbury 
slate to the older rocks. 

The Epi-Middle Huronian interval, like the one which preceded it, 
was unaccompanied by marked crustal disturbance. There is no measure 
of the extent of erosion during this interval. If the old Randville hills 
were ever completely buried by Middle Huronian sediments, which is 
extremely probable, they were at least partly uncovered during this 
emergent interval, for the total length of the Hanbury-Randville contact 
is apparently liot less than 30 mi. (48 km.) ; however, it appears that the 
major distribution of the Huronian rocks in this district is due to faulting 
rather than folding, as Bayley thought, and that about haK of this is 
fault contact.* But it is safe to* conclude, on the basis of composition 
of the Hanbury basal conglomerate, to be described, that all of the Middle 
Huronian formations were cut through and in places probably obliterated 
by erosion in this interval. 

The Middle-Upper Huronian Unconformity . — ^The Hanbuty sea 
submerged a surface which was formed in part by the Middle Huronian 
(Vulcan) rocks and in part by the Lower Hxironian Randville dolomite. 
Bayley considered two alternative explanations for this: (a) that the 


*In a later publication the writer will discxiss the structure of this range. 
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Vulcan sea was dotted with islands of Randville dolomite, which were 
only gradually submerged and not entirely covered until after the begin- 
ning of deposition of the great Hanbury slate series, by which, in the end, 
they were buried; (&) that erosion had removed the Vulcan formations 
in some places during an emergent interval preceding submergence by 
the Hanbury sea. By adopting the former explanation, he escaped the 
consequences of the latter, viz., the recognition of an unconformity at 
the base of the Hanbury series. 


Relations Between the Hanbury Slate and Randville Dolomite 

It was just said that the total length of the Hanbury-Randville con- 
tact is probably not less than 30 mi. However, there are only two locali- 
ties where this contact is exposed. For this reason, if for no other, these 
places possess unusual interest, but they are especially important in this 
discussion because Bayley described them with minute accuracy, in full 
realization of their bearing on the age of the Hanbury series, and naturally 
hinged his conclusions concerning the relations of the Hanbury series to 
the older rocks largely on the interpretation of these contacts. We can 
do no better than introduce at this point Bayley ^s descriptions of these 
localities. 

Bryngleson Shaft . — ^At only one point has the actual contact between the Rand- 
ville dolomite and Hanbury slate been seen. This is in a trench about 10 ft. long in 
graphite slates near the east line of See. 2, T. 39 N., R. 30 W., a few rods west of the 
Bryngleson shaft. A careful examination of the relations between the dolomite and 
slate was made, with special reference to their bearing upon unconformity and fault- 
ing. It was found that the dolomite projects slightly into the slates half way up the 
exposed portion of the contact, and recedes from them both above and below this 
point. The surface of the dolomite is minutely irregular, small projections and 
reentrants occurring throughout the entire line of contact. The slates, which are 
strongly graphitic, are interlaminated with cherty bands. They contain small frag- 
ments of dolomite and are badly shattered. A slate breccia is thus formed, which 
might be a fault or a brecciated conglomerate. There can be no doubt that there has 
been movement along the contact zone, for the bedding of the slate has been much 
disturbed for a distance of 8 ft. (2.4 m.) or more from the dolomite. . Whether or not 
the movement was along a fault plane which cut out the Vulcan formation was not 
determinable from the exposures. The dolomite along the contact plane is not 
slickensided, nor is the rock near the contact greatly mashed, so far as could be 
observed. This may be thought to indicate that the movement was of slight magni- 
tude, and that it was more in the nature of a differential movement of the slates near 
the contact than of faulting across the beds. If the absence of the iron bearing beds 
between the Hanbury slate and the dolomite is due to overlapping of the slates rather 
than to faulting, the lower layers of the slate should be coarse detritus, since the 
relation of the slate to the underlying rocks are those of a younger sedimentary series 
to an older series upon which the younger series is unconformable. The breccia be- 
tween the slate and the dolomite referred to above may be a mashed conglomerate of 
this kind. 
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Bayley does not mention the possibility that this contact may repre- 
sent an unconformity and is unable to decide between the alternatives of 
faulting on the one hand and overlapping of the Hanbury slate on the 
other. In the opinion of the writer, the Bryngleson shaft is on a fault 
plane and the locality has no bearing on the age relations of the Hanbury 
slate series. 

At Iron Hill . — ^At Iron Hill, in Sec. 32 T. 40 N., E.. 29 W., the Hanbury slate is 
believed to lie immediately on the Randville dolomite although no contact between 
the two is seen. The dolomite ends in a number of small knobs having steep faces 
toward the south. At the bases of the little cliffs is a swamp about 300 ft. (91 m.) 
wide and upon the opposite side of the swamp, on the north slope of a slight elevation, 
are several exposures of slate. The intervening swamp area has been tested at a 
number of places by augur borings, . . . and has been found to be underlain by 
slates. 

The uppermost layers of the dolomite formation consist of white cherts, and these 
are beautifully brecciated. Below these in some places lies a conglomerate containing 
numerous large rounded boulders of dolomite, subangular fragments of chert, and an 
occasional pebble of quartzite in a matrix composed mainly of dolomite and chert 
debris. Many of the pebbles are mashed and faulted, showing that the district was 
deformed after the conglomerate w£j.s laid down. Where the conglomerate is traced 
eastward to the end of the set of dolomite ledges, the relations between this rock and 
the chert are found to be very complicated. The conglomerate apparently grades 
into a breccia, and this in places is between beds of dolomite or layers of chert. At 
one place the conglomerate looks as though it were a breccia formed by crushing of the 
chert and dolomite; at other places it appears to be a layer of true conglomerate 
between layers of massive dolomite, and in other places it strongly resembles a con- 
glomerate composed of fragments of the dolomite and chert lying above the dolomite. 
The conglomerate may be an intraformational conglomerate (one originally produced 
during the deposition of the formation, and therefore an integral part of it) whose 
complex relations to the remainder of the Randville dolomite are due to crushing and 
close folding; or on the other hand, it may be a true conglomerate at the base of the 
Hanbury slate, made to appear like an intraformational conglomerate by repeated 
close folding at the end of an eastward pitching anticline on which are superposed 
several minor folds. The latter is thought to he the probable explanation.* If this be 
correct, the difference in composition of the conglomerate from the normal slates is 
explained by its being the first deposit along a shore line composed of dolomites and 
cherts. But the relations of the various rocks at this place are so exceedingly com- 
plicated that no unprejudiced observer would be willing to declare without reservation 
that the conglomerate is not a member of the dolomite formation, rather than the 
basal member of the Hanbury slate. 

It is not surprising that Bayley reached no definite conclusion con- 
cerning the meaning of the phenomena which he describes so well in the 
above paragraph. The relations of the conglomerate here to the Eand- 
ville dolomite below and the Hanbury slate above were puzzling to 
C. K. Leith and assistants, in 1910, and to the writer, on repeated visits 
since then. The discovery of the true relations of the Hanbury to 


♦Writer's italics. 
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older formations in 1917; by observations in another locality, is a strong 
confirmation of Bayley’s belief that this conglomerate is the basal 
member of the Hanbury slate. However, this conglomerate and 
the apparent field relations of the Hanbury and Randville formations, 
as Bayley has said, are not proof of an unconformity at the base of the 
former even though they point strongly in that direction. But had 
Bayley been aware, at the time of this writing, of Seaman^s discovery of 
the true stratigraphic position of the Negaunee iron-bearing series, it is 
probable that he would have attached more weight to the evidence, incon- 
clusive though it was, indicating the same position for the Vulcan series 
of the Menominee district and confirming the tripartite division of the 
Huronian there as well as in the Marquette Range. 


Relations Between the Hanbury Slate and the Vulcan Series 

Bayley says: 

The relations between the Vulcan formation and the overlying Hanbury slates 
are also those of conformity. The contact is usually very sharp. Little difficulty is 
experienced in defining the upper limit of the iron-bearing formation where exposures 
are plentiful. The slates, however, are often so very schistose on the upper side of the 
contact that their bedding planes cannot be recognized. In most places the overlying 
slates are strongly graphitic and often very fissile. Where not graphitic they are 
light silvery schists from which all bedding traces have disappeared. The bedding 
of the iron formation, on the other hand, is still almost perfectly preserved, and is 
parallel to the contact. In one or two places the iron-bearing beds are separated from 
the slates by narrow bands of a soft earthy green rock containing remnants of plagio- 
clase and a mass of green chloritic products such as usually result from the decomposi- 
tion of a basic eruptive. The green rock has the appearance of a dike, which it 
probably is, that intruded the bedded series along the contact plane. 

At a few other places, as in the neighborhood of the Pewabic mine, faults may 
intervene between the iron-bearing formation and the overlying slate. They are 
apparently of’ little importance from a structural point of view but have not yet 
been sufficiently exposed to warrant any very definite statements as to their extent or 
position with reference to the adjacent rocks. 

The above is an accurate description of the relations of the Vulcan 
and Hanbury formations so far as they may be inferred from a study of 
naturally exposed contacts and those which have been crossed by under- 
ground mine openings. But recent diamond-drill explorations have 
disclosed a remarkable conglomerate at the base of the Hanbury slate 
series, the discovery of which proves beyond any question that the 
periods of deposition of the Vulcan and the Hanbuiy series were separated 
by an interval of emergence and erosion. It also illustrates the extent 
to which a great unconformity may be obscured in highly deformed pre- 
Cambrian successions by the fortuitous exposure of only those relation- 
ships which are susceptible of two or more interpretations. 
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In 1915, E. E. White, who was then Chief Geologist of the Cleveland 
Cliffs Iron Co., stated to the writer that he had observed in drilling 
for iron ore on the Menominee range a conglomerate at the base of 
the Hanbury slate containing boulders and pebbles derived from the 
Vulcan slate-iron formation group and from the Randville dolomite, 
and that he considered this conglomerate to be complete evidence of an 
unconformity separating the Hanbury from the older formations. The 
first evidence confirming the observations of Mr. White was secured by 
the writer in the fall of 1916 when examining drill cores obtained by the 
Penn Iron Mining Co. from explorations in various localities on the 
South Range between Sturgeon River and Waucedah. In the sum- 
mer of 1917, explorations conducted by C. H. Baxter, for the Loretto 
Iron Co., on the ''South Range just east of Sturgeon River, confirmed 
beyond doubt, the conclusions founded on the Penn Iron Mining Co. 
explorations. 

ExpUrations East of Sturgeon River . — In Sections 13, T. 39, R. 29, 
and in Sections 17 and 18, T. 39, R. 28, on the "South Range,” east of 
the Sturgeon River, a large number of diamond-drill holes penetrate the 
lower horizons of the Hanbury slate, the entire Vulcan group, and end 
in the Randville dolomite. The drill cores have been preserved and 
may be examined in the offices of the Penn Iron Mining Co. and the 
Loretto Iron Co. Half of them exhibit no evidence of unconformity 
between the Hanbury slate and the Vulcan group, a few show coarsely 
detrital beds at or very near the base of the Hanbury, and three show a 
well developed Hanbury basal conglomerate lying on a slate which is 
conformable with the Curry member of the Vulcan group. So far as 
these explorations have gone, it appears that the conglomerate is best 
developed in the S.W.J4 of tfi® N.E.34 of Section 13. Near the center 
of this description the Curry iron-bearing member of the Vulcan group 
is overlain conformably by a dark, distinctly banded, gray slate about 
50 ft. (15 m.) thick. Lying on this slate is the basal conglomerate of the 
Hanbury formation. In one hole it was entered at rock surface by the 
drill and penetrated for a distance of 78 ft., corresponding to a strati- 
graphic thickness of about 65 ft. (20 m.); how much thicker it may 
be remains^to be determined. It is composed of fragments of white 
dolomite, chert and quartz derived from the Lower Huronian. dolomite 
(Randville) intermixed with red, black, and brown jasper, ferruginous slate 
and quartzite, in which are represented all of the members of the under- 
l 3 dng Vulcan group of the Middle Huronian. Polished sections of the 
driU core exhibit a mosaic of great beauty formed by the heterogeneous 
mixture and strongly contrasting colors Of the fragments from the differ- 
ent formations. The pebbles in this core show diameters varying up to 
2 in. (5 cm.) and sections which are characteristically subangular to 
angular. The matrix is composed of the same material as the pebbles, 
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but more finely comminuted. There are thin beds and bands in which 
no pebbles are shown and some which are even slaty textured, but the 
main mass of the formation is conglomerate. Two other drill holes in 
this locality penetrate this conglomerate but in neither of them is it so 
strongly developed as in the one described above. 

Laretto Slate— The slate' which lies conformably on the Curry iron- 
bearing formation has not been recognized heretofore as a distinct mem- 
ber of the Vulcan group. The name Loretto is proposed for it as a local 
term because it is best developed, so far as known, on the property of the 
Loretto mine. Bayley, of course, included it in the Hanbury formation. 
Before it may be discriminated everywhere, a reexamination of the whole 
range will be necessary, including underground mine workings. There 
are many places where the Hanbury slate is in undoubted contact with 
the Curry formation in apparent conformity. There are doubtless also 
placeswhere the Loretto slate is in apparent conformity with the Hanbury. 
Both of these relationships seem to be indicated in the explorations east 
of Sturgeon River. 

The full thickness of the Loretto slate is probably nowhere preserved. 
At the Loretto mine it has a thickness of at least 400 to 500 ft. (122 to 
152 m.) and resembles very closely the Brier slate, so closely in fact that 
it was mistaken for the Brier formation by the writer and others after 
careful examination. This mistake determined an erroneous conception 
of the structure of the mine, which was only corrected after the discovery 
of the Loretto slate as a distinct member of the Vulcan group in the 
Sturgeon River explorations described above. 

The Epi-Huronian Revolviion 

The Huronian period was brought to a close by a great outburst of 
volcanic activity and crustal disturbance of mountain-making order. A 
vast thickness of basic lava was poured out on the Hanbury slates and 
thrust into them in the form of dikes and siUs (Quinnesec schists) . Later, 
the country south of the Menominee range was invaded by great masses 
of granite which have been traced far to the southwest in Wisconsin; 
this granite intrudes the Quinnesec schist but its age is not definitely 
ascertainable. Bayley regarded the granite and green schist complex 
south of the range as Archeozoic, on the basis of its resemblance to the 
Basement Complex, but in 1910 Hotchkiss found that the outbreak of 
the basic volcanics began in Hanbury time and continued until after its 
close. The granite is therefore post-Hanbury, i.e., later than the young- 
est Huronian sedimentaries. In 1911, Van Hise and Leith classified it 
with the Keweenawan. In 1915, the writer correlated it with the Middle 
Huronian granites of the country south of the Gogebic Range in Michigan 
and Wisconsin. This, of course, was prior to the discovery of the unoon- 
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formity at the base of the Hanbury slate. It seems now more logical to 
correlate this great granitic invasion with the Epi-Huronian revolution, 
rather than with the Keweenawan. It is not improbable that it was the 
source of the great thrusts which, directed from the South, built the 
mountains whose stumps remain in the folded and faulted Huronian 
rocks of the Menominee Range. 


Pre-Cambrian Chronology 

The revised chronology of the pre-Cambrian of the Menominee 
Range is presented in the following table: 


Pre-Cambrian Chronology — Menominee District^ Michigan, 1919 


Eras 

Sub-eras 

Periods | 

Epochs 

Stages 

Description of Formations 



Keweenawan 






Epi-Huronian Revolution. 
Mountain building 

Emergent 

Interval 

Granite • 





Quinnesec 

Eruptive contact. 

Basic volcanic extrusives of great 
thickness, sills and dikes. 




Upper Huronian 

Hanbury 

Great slate series with beds of con- 
glomerate, quartzite, graywacke, 
ferruginous chert and impure 
limestone. Thickness not known. 

1 

o 



Emergent Interval 

o 

Algonkian 

Huronian 

Middle Huronian 

Loretto 

Curry 

Brier 

Traders 

Slate, 400 + ft. (122 -f m.). . 
Iron-bearing member, 100 to 200 ft. 
(30 to 61 m.). 

Ferruginous, siliceous, banded slate, 
300 to 400 ft. (91 to 122 m,). 
Conglomerate, quartzite and iron- 
bearing formation. 1 50 ft. (46 m.) . 




Emergent Interval 




Lower Huronian 

Randville 

sturgeon 

Dolomite, cherty dolomite and 
quartzose and talcose facies, 1000 
to 1500 ft. (305 to 457 m.). 

Conglomerate, arkose, graywacke 
and quartzite. 1200 ft. (366 m.). 


Great Archeozoic Interval 

0 

1 

8 

Laurentiau 




Granites and gneisses cut by dikes of 
granite and diabase. 

Keewatin 




Eruptive Contact. 

Green Schists. 
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DISCUSSION 

Alfred C. Lane, Tufts College, Mass, (written discussion*).— The 
attention of members may well be called by Allen to his discoveries, which 
affect not only correlations in Michigan but, as I have pointed out,^° 
the use of names like “Animikie” which are widely applied. It shows 
that one disadvantage of the wide use of locality names is that local 
discoveries may show that they are inappropriate. The Wewe hills were 
found not to contain the Wewe plate! So we note that Allen, in his 
correlation, drops the term Animikie, which his researches indicate covers 
both middle and upper Huronian. 

It would seem well, then, in dividing the Huronian or Proterozoic, to 
use, as Allen does, terms like upper, middle, and lower Huronian, or 
newer, middle, and early, which may be shortened into eo-, mio-, and neo- 
Huronian rather than to carry local terms far away; or we shall soon be 
in the condition of the zoologist, who has to add to a name the author 
whose usage he follows. 

Comparing his correlation with previous attempts, as that of Lawson,®^ 
we find general agreement so far as the heavy dolomite of the eo-Huron- 
ian, so widespread and thick that its correlation is fairly easy. If, in- 
deed, it marks the first efilorescenoe of lime precipitating vegetation, as 
the Carboniferous marks the first peat eflELorescenoe of higher vegetation, 
it may possibly be correlated throughout the world. 

The heavy iron formations Allen places in the mio-Huronian, but they 
are supposed to be equivalent to the Animikie iron formations of the 
north side of Lake Superior. If this period marks the first peat efflores- 
cence of the iron precipitating forms, such as those recently described,®* it, 
too, inay be traced over the world. Allen makes, however, within the 
mio-Huronian two iron formations, the Traders and the Curry. A recent 
letter from Iron Mountain tells me that the existence of a separate Curry 
member is still doubtful. 

There is one thing that makes it hard to be sure of the stratigraphy, 
worth remembering: block faulting and block fault mountains, if fol- 
lowed by a period of folding and granitic intrusion, are very hard to 
recognize. They are even more hard to prove and may produce apparent 
repetitions that are not real. It is noteworthy that the early Lake Supe- 
rior monopaphs paid little attention to faults in the Huronian. It was in 
the “ zone of flow. ” And yet to get there and back to the surface it must 


* Received Sept. 19, 1919. 

20 Sdence N. S. (1916) 42, 869 and Am. Jtd. Soi. [4](1917) 43, 42. 

21 A. C. Lawson: University of California Publications, BvJMn of the Department 
of Geology (1916) 10, 1-19, reviewed by me in the Am. Jnl. Sd. [4](1917) 48, 42, with 
his correlation plate marked over in free hand to show suggested changes. 

22 U. S. Geol. Survey, Prof. Paper 113. 
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twice go through the zone of fracture. Allen rightly recognizes much 
more faulting. So does Collins.^® Still more will be found. 

It is noticeable that Lawson^s term Algoman, as applied to a moun- 
tain building interval between the neo-Huronian and the mio-Huronian, 
or as he calls them Animikian and Temiskamian, is not used by Allen. 
Now it is true that a number of the granites which Lawson placed with 
the Algoman, the Killarney, and Moira, for instance, belong later and 
Collins thinks them Keweenawan. Allen seems to put this group of 
granites later than the youngest Huronian sedimentaries, just before the 
Keweenawan. There are, however, at least two times in the Keweenawan 
when wide extended effusions of porphyries suggest the stirring of granitic 
magmas on a large scale, and one is reminded of the conditions around the 
harbor of Brest in France, where Barrois^^ points out that the effusives 
south of the harbor, including Kersantite dikes and a luster mottle 
ophite much like the Keweenawan ophite and the kersantites ^'are 
limited to Carboniferous synclinal regions; they are rejjlaced, in 
the neighboring anticlinal regions, by massifs of grained (plutonic) 
rocks which represent the profound reservoirs of them.^^ However, it 
may be that the relations of these granites and the Keweenawan are like 
those of the Late Carboniferous granites and the Triassic of the Atlantic 
coast. It must be remembered that I believe the Keweenawan is more or 
less Cambrian, and the discovery by Watson and Cline of amygdaloidal 
basalt that might well be Keweenawan in the Lower Cambrian of Virginia^® 
at least weakens the argument of Van Hise and Leith^® that the Keween- 
awan is pre-Cambrian because the Cambrian is ‘^lacking volcanism.'^ 

But, I should not be at all surprised to find the Keweenawan composite, 
as the ^‘Redbeds’’ have been found to be out West, yet it seems hardly 
possible to think that all the granites which Lawson classed as Algoman 
can be crowded into the Keweenawan or immediately pre-Keweenawan. 
The Presque Isle granite, which is pre-“Copps,^^ must be placed in the 
''emergent iiitervar^ between the Hanbury and theLoretto, must it not? 
In that case the two "emergent’^ intervals separating the Huronian, while 
they may not be marked by granite intrusion and mountain building in 
the Menominee district may have been, and I believe were marked by 
these actions in other districts — actions that produced the widespread 
eustatic change of sea level, registered in the Menominee district. I am 
inchned to think that at least as near as Humboldt and Republic one will 


2® W, H. Collins: Geol. Survey Canada, Mus, Bull. 22 (1916) and private com- 
munication from him and Morley. 

Ch. Barrois: Guide Giohgique de France j Part VII (Bretagne) Internat. Geol. 
Congres (1900) 17. 

2® XJ. S. Geol. Survey Monograph 52, 415, line 5. 

2® T. X». Watson and J. H. Cline*- Extrusive Basalt of Cambrian Age in the Blue 
Ridge of Virginia. Am. Jnl Sd. [4] (1915) 39, 665. 
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find granites and basic effusives and dikes corresponding to these periods 
of disturbance, and I think that in the Menominee district, also, dikes 
and faulting belonging to these periods rather than to the epi-Huronian 
will be found. Lawson’s correlation table would then be marked up 
somewhat as here shown. 

W. 0. Hotchkiss,* Madison, Wis. — When we began to do geological 
field work in the Lake Superior region, we found a correlation inexistence, 
and, as youngsters, accepted all that as settled. Both Mr. Allen and I, 
since that time, have seen a great many things that were not apparent 
nor visible to Van Hise, and those who worked with him; we realize 
now that the correlation was not final and that much remains to be 
determined concerning geology of the Lake Superior region. 

My attitude on this matter is that we should not publish an amended 
correlation as a final thing. We should avoid, in every way possible, 
foreclosing the minds of those who follow us in working in the geology 
of this region. As a matter of fact, no correlation can be final at present, 
because facts and data are accumulating so rapidly that every classifica- 
tion must be immediately modified to fit further observation. Conse- 
quently, my attitude in this matter would be, instead of saying 
that the iron formations of the Lake Superior region are all Middle Hur- 
onian, to say that there may be three Huronians — or four or five — we 
do not know. 

I believe it is better policy to hold to our present correlation. I do 
not believe there is any economic benefit to the mining man or the geolo- 
gist working on problems relating to explorations for iron ore that cannot 
be just as well solved by maintaining our present correlation, with a 
wholesome idea of our lack of knowledge and the^ necessity for further 
detailed work. Then, if any new horizons are discovered in any particu- 
lar range, the minds of the investigators will not be foreclosed because 
some one has said that all the iron formation is in the Middle so that there 
is no use looking elsewhere for it. There is use looking elsewhere, in 
many cases, as the ore deposits become exhausted. 

I am, at the present time, carrying on some very detailed investiga- 
tions on the Wisconsin end of the Gogebic Range, and find throughout 
the whole extent of that range, in our state, unconformities marked by 
definite conglomerates, which can be picked up on nearly every exposure 
of the contact. Three are within the iron formation itself. Mr. Allen, 
by inference, has classed those as minor unconformities. They may be; 
but as we learn more about them they may become major unconformities, 
because the recognized great unconformity marking the hiatus between 
the Huronian and the Keweenawan took place without any material 
disturbance of the Huronian strata during that erosion period. 


* State Geologist. 
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I am very unwilling to complicate our geological literature with some- 
thing for which Mr. Allen himself does not claim finality. I want to 
emphasize rather the necessity for keeping our minds open. In every 
range we can divide the present Upper Huronian and the Lower Huronian. 
We can divide these into as many members as we please; we can say 
there are one or two, three or four in the Upper Huronian of the Gogebic 
Range. 

My position is that we do not yet know enough to make that correla- 
tion; and, furthermore, it serves no valid economic purpose that cannot 
be served by the other plan, because these iron ranges are almost entirely 
separate from each other in areal extent. 

E. F. Burchard,* Washington, D. C. — With regard to Mr. Allen’s 
quotation that Harder and Johnson thought it ‘^‘premature to change 
radically a correlation based on years of careful field work,” it should 
be stated that the United States Geological Survey, in its pioneer work 
under the direction of Van Hise, aimed to point the way and leave the 
more detailed work to the State geological surveys and to the iron com- 
panies. The United States Geological Survey is not now in a position to 
carry on such extensive work as it was when the lake region was first 
studied. Plans were made, however, for correlation studies to be carried 
on this last summer by Mr. Harder, of the United States Geological 
Survey, in cooperation with the State Geologists of Michigan, Minnesota, 
and Wisconsin, but other work made it impossible for these plans to be 
carried out. 

R. C. Allen. — ^As I understand Mr. Hotchkiss, he admits that in all 
but one at least of the iron ranges, or districts, in Michigan, there are 
two known major unconformities within the Huronian series. When, in 
1904, it was found, on the Marquette Range, that instead of two uncon- 
formable series as theretofore supposed there are three, the United States 
Geological Survey properly set up a Middle Huronian to account for the 
newly discovered distinct and separable series. But the United States 
Geological Survey is now, in 1919, on record that the Middle Huronian 
is confined to the Marquette Range and exists nowhere else. What I 
have shown is that the Middle Huronian is widespread and the criteria 
of its recognition on the other ranges are precisely of the same order of 
significance as those by which it was first distinguished and set apart on 
the Marquette Range. I am not attempting to supplant old work in so 
far as it is in accord with present facts; therefore I do not understand 
the position of the State Geologist and certain former members of the 
United States Geological Survey. Are they going to adhere to a classifi- 
cation which they admit is wrong simply because they think it may be 
even more seriously in error than it yet appears to be? Will they delay 
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a revision merely in the expectation that at some future time a further 
revision may be necessary? I think it is time that these facts should be 
taken note of. 

W. 0. Hotchkiss. — I do not agree with the policy of the United 
States Geological Survey to perpetuate what I believe to be a wrong 
policy. So long as we all agree that this correlation situation is in a 
state of flux and that probably, before many years, we will know more 
about it than we do now, I believe in letting the present correlation 
stand until we can correct the whole business to some adequate degree. 
I believe that, in the Marquette Range itself, there are more than three 
Huronian Series. 

Leslie P. Bareett, Lansing, Mich. — Mr. Hotchkiss has said that the 
Michigan ranges should be considered as separate provinces. 

W. 0. Hotchkiss.— I admitted exceptions to that. One of the main 
facts that led us to the conclusion that there was something wrong about 
the correlation was the fact of the continual band of iron formation which 
comes down through the Marquette Range and around the oval in the 
Crystal Falls District. The United States Geological Survey mapped 
the basin on one side as Upper Huronian and on the other as Middle 
Huronian. Somewhere underneath this narrow syncline there was sup- 
posed to be a change. 

Carl Zappee, Brainerd, Minn. — I have always been willing to take 
as a guide whatever correlation was presented, that is, in any new field 
I happen to enter, but I keep my mind open, ready to find something 
new; and when I find something new I adopt it. 

I began my work in the Cuyuna District ten or twelve years ago. 
The conditions I found did not seem to correspond with any I knew in 
the Lake Superior region, but because of my inexperience I did not dare 
upset the existing classification. The formations in the Cuyuna Dis- 
trict were then known as Upper Huronian, but even by any other name 
it would have made little difference in our work; we were looking for 
iron ore and we followed the structural conditions, regardless of nomen- 
clature of the formation. The Cuyuna District is disconnected sur- 
ficially from any of the fields Mr. Allen has cited and yet the formations 
in the Cuyuna are such, as demonstrated by much mining and drilling, 
that you may establish a group there probably corresponding with his 
Copps formation. Rock outcrops between the Cuyuna and Michigan 
ranges are few and very far apart, and they have several times been raised 
in classification, from the Keewatin to the Upper Huronian Series. 
So there is always room for another possible change and Mr. AUen's 
Copps Formation may not be at all local in Michigan. 

By altering classifications, I do not think you prejudice those who 
follow you any more than I was prejudiced by the teachings and classi- 

VOIi. LXIII. — 14 * 
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fication of Van Hise and Leith. I am willing to accept their teachings, 
but that does not mean that because they have found something to 
classify it is unnecessary for me to keep my eyes open, and the younger 
geologists should and will do the same thing; if they do not, the proba- 
bilities are that they will go wrong on many other questions. I feel 
inclined to support Mr. Allen. I believe that the newer classification has 
advantages, and if Mr. Allen finds extensive and important differences not 
reported in the existing literature and does not make them known, I 
think science is the loser. 

C. E. SiEBENTHAi, Washington, D. C. — Many years ago I attended 
some lectures by Professor Van Hise, and understood that, even in those 
days, there was not unanimity of opinion as to the classification. I 
gathered that, among others. Prof. A. C. Lawson differed wdth him. 
How does the more recent classification agree with the classification 
proposed by the Canadians at that time? 

E,. C. Allen. — After the publication, in 1914,inthe JowmaZo/freoiogy, 
of a classification which I offered as a substitute for the one existing, 
Lawson seized upon my classification of great batholithic granite masses 
of Northern Wisconsin as Middle Huronian, announced their equivalence 
to his Algoman granites of the north shore and revised the classification 
of the Huronian of the south shore to accord with his of the north shore on 
the assumption that his Algoman revolution was coextensive with the 
whole area. Soon after the publication of Lawson’s view, I proved the 
unconformity on the Menominee range of Dickinson County, described 
in the second part of this paper, the result being that the granite which 
intrudes the Great Hanbury Slate series is proved to be later than the 
youngest Huronian sediments, that is to say, it is not Middle Huronian 
but Upper Huronian or later. It now appears that the granites of north- 
ern Wisconsin and Michigan which intrude the Huronian are of two 
different ages. There may be more than two periods of granitic 
intrusion here. It is quite likely that some of the granite is as late as 
Keweenawan. Lawson based the whole structure of his classification on 
the equivalence of these granites with his Algoman of the north shore, an 
hypothesis which is clearly untenable. 

We people who are talking about classification need to stay pretty 
close to facts. Too much should not be hinged on the slender thread of 
hypothesis. Mr. Hotchkiss and I are not so far apart as we may seem to 
be. My position is this: When you have new facts that cannot be dis- 
puted it is time to account for them in a revised classification, but let us 
stop treating infesences as though they were facts. 

The thing which I want to establish is this: The Huronian correla- 
tions of the United States Geological Survey, published in 1911, are in 
important respects wrong and need revision. Under this conviction, 
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last winter I invited the Director of the United States Geological Survey 
to coSperate with us in Michigan, and with the State Geologists of Wis- 
consin and Minnesota in a review of the present known facts with the end 
in view of issuing a revised classification of the Huronian that would be 
useful, at least for the moment, and with the full expectation that in 
a few years another revision would probably have to be made. 

E. C. Hahder, Washington, D. C. (written discussion*). — Persons 
acquainted with the complexity of Lake Superior geology realize the 
value of the recent work on the iron-bearing rocks by R. C. Allen and his 
associates of the Michigan Geological and Biological Survey in the iron 
ranges of northern Michigan, by J. F. Wolff, of Duluth, and F. F. Grout 
and T. M. Broderick of the Minnesota Geological Survey, Minneapolis, 
in the Mesabi Range, and by W. O. Hotchkiss, State Geologist of Wis- 
consin, in the Penokee-Gogebic Range. One important point brought 
out by these investigations is the fact that the iron-bearing formations 
and associated rocks were undoubtedly deposited in shallow water and 
that during their deposition oscillations frequently brought them above 
water level. Conglomerate beds of greater or less significance are found 
at frequent intervals in these rocks. Hotchkiss in a recent paper describes 
five or six of them in the iron-bearing beds of the Penokee-Gogebic Range 
alone. Some of these represent unconformities of considerable magnitude, 
as is shown by the way in which erosion has affected the imderlying 
beds; others are of minor significance. No great importance is attached 
to any of these imconformities by Hotchkiss, who simply uses them for 
the division of the iron-bearing layer into minor subdivisions. Similar 
conglomeratic layers have been found by Grout and Broderick in the 
Mesabi Range and by Johnson and myself in the Cuyuna Range. 

Some of the unconformities found by Allen in his investigations are 
unquestionably of great significance, particularly that separating the 
Copps formation from the other Huronian rocks in the Penokee-Gogebic 
Range. Here a conglomerate successively comes into contact with various 
older rocks indicating an erosion period of some magnitude. Other un- 
conformities, however, in my opinion have not been shown to be of suffi- 
cient importance to attach to them the significance Allen proposes. Efis 
description, for instance, of the conglomerate in the Hanbury slate does 
not appear to preclude the possibility of its being merely of local occur- 
rence rather than representing a great unconformity. By successive 
overlap the Hanbury slate and the iron-bearing beds of the Vulcan and 
Traders formations below it come into contact with Lower Huronian 
dolomite. Why may not pebble beds, the material of which is derived 
from neighboring dolomite islands projecting up from the Hanbury sea, 
be found at various horizons in the slate? The occurrence of ferrugin- 

* Received Nov. 20, 1919. 
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ous chert pebbles with those of dolomite might be ascribed to the presence 
of local ferruginous chert beds within the Hanbury slate. If Allen’s 
basal beds of the Hanbury slate could be found in unconformable contact 
with the iron-bearing beds of the Vulcan or Traders formations, the signi- 
ficance of the conglomerate would be established. 

As the detailed work progresses doubtless other conglomerate beds 
and unconformities will be discovered at various horizons in the Huron- 
ian rocks of the Lake Superior district, as well as further facts bearing 
on conglomerates already known. In the end a comparative study will 
have to be made of the relative importance of the various unconformities 
in relation to the major classification. Such a study should be undertaken 
by the United States Geological Survey in cooperation with the Geological 
Surveys of Michigan, Minnesota, and Wisconsin. ’ Until such an investi- 
gation is completed, however, the United States Geological Survey must 
adhere to the classification and correlation established by the work of 
Van Hise, Leith , and other geologists of the Federal Survey. 
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The Wisconsin Zinc District 

BY W. F. BOERICKE,* A. B., AND T. H. GARNETT,* E. M., GALENA, ILL. 
(Chicago Meeting, September, 1919) 


The Wisconsin zinc district, or the Upper Mississippi lead and zinc 
district as it is also termed, lies in the southwestern corner'of Wisconsin, 
and embraces adjacent portions of Illin ois and Iowa. It includes Iowa, 
Grant, and Lafayette counties in Wisconsin, and Jo Davies county in 
Illinois. In Iowa, Dubuque formerly produced considerable lead, but 
there has been little mining there in recent years. 

The map, Tig. 1, shows the entire district, with roads, railways, streams, 
and the various towns, or “camps,” around which the mines are clustered. 
The hatchwork indicates the areas in which lead and zinc have been 
mined. The district is about 60 mi. (96 km.) north and south and about 
40 mi. (64 km.) east and west. Not all of the territory is mineral bearing, 
and there are considerable areas that are believed to be barren. The 
grouping of the mines is patchy and irregular, though certain broad zones 
of mineralization extend almost the full width of the district, as from 
Mineral Point west through MifiHin and Livingston, and from Shullsburg 
west through New Diggings and Hazel Green. It is worth noting that 
the best mines of the district have, to date, been found within 10 mi. ease 
or west of the fourth principal meridian line, thus lying within a long, 
narrow, north-and-south belt extending the length of the district. 

In a field as large as the Wisconsin, which has only within com- 
paratively recent time been worked intensively for iinc, the chances are 
good for opening new and important orebodies in parts of the district 
not yet, or insufficiently, prospected. However, the prospecting has been 
most successful around, or adjacent to, the old lead diggings of nearly a 
century ago, and the camps that were well known then are stiU centers 
of activity. In their order of importance they are: New Diggings, Ben- 
ton, Mifllin-Livingston, Galena, Linden, Hazel Green, Shullsburg, and 
Highland. 

The district is one of the best farming districts in Wisconsin, with deep 
fertile soil. The farms are large and well improved, and the towns are 
modern and prosperous. Railroad facilities are good and proximity to 
Chicago is an asset. Mining is usually done on a leasing system of 10 


‘Engineer, Mineral Point Zinc Co. 
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per cent, of the gross return from ore sales, except with one company 
which generally buys the land outright. The leasing system has resulted 
in a close relationship between the land owners, or farming element, and 
the mine operators, causing the former to aid the operators, generally, 
in development and prospecting work and to curb radical labor agitators, 
from which the district has been comparatively free. 


Histoey op the Disteict 

The Wisconsin district may fairly claim to be one of the oldest in 
America. As early as 1780, French traders, under Julian Dubuque, 
bought considerable lead ore from the Indians. In 1823, lead mining 
under white settlers began at Galena and ShuUsburg; and by 1846, over 
2000 lead leases had been granted to miners by the government. The 
first zinc ores were mined in 1862, principally around Highland. These 
were the carbonate, known locally as “drybone.” Blende was of little 
value and generally discarded. About 1903, with advancing prices for 
zinc ore, attention was turned to the sulfides, and production increased 
rapidly with the introduction of modern mining and milling methods. 
The approximate lead production from the mines is as follows : 1822-1860, 
205,000 tons; 1860-1900, 74,500 tons; 1900-1918, 94,000 tons. The ap- 
proximate zinc production is. given in Table 1. 


Table 1 . — Approximate Zinc Production from Mines 


Years 

Tons 

Years 

Tons 

Years 

Tons 


283,500« 

1908 

58,000 

1914 

134,500 


126,000“ 

1909 

75,500 

1915 

164,000 

1904 

19,000^ 

1910 

102,000 

1916 

219,000 


33,000 

1911 

107,000 

1917 

250,000 

1906 

39,000 

1912 

119,000 

1918 ! 

194,500 

1907 

53,000 

1913 

106,000 




“ Carbonate and blende. ‘Blende principally. 


The sharp rise in the production in 1916 and 1917 was due to inten- 
sive mining on account of the high prices then prevailing for blende. 
The drop in 1918 reflects high costs and lower prices, causing many of the 
smaller mines to close. Figures for the three months of 1919 show the 
shipments to be at the rate of 140,000 tons for the year, but final figures 
are likely to be lower. 

In 1916, there were over 80 mines reporting shipments. This number 
has been cut to a third on account of adverse operating conditions. As 
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might be expected, the years have shown that the large operating com- 
panies are producing a constantly increasing proportion of the ore of the 
field. The four largest companies are Mineral Point Zinc, Vinegar Hill, 
Wisconsin ^inc, and Frontier. Table 2 shows their shipments in com- 
parison with the rest of the field. 


Table 2. — Shipments of Four Largest Companies 


Year 

Shipments of 
Entire District, Tons 

Shipments of 

Fotor Companies, Tons 

Per Cent. Shipped by 

Four Companies 

1 

1916 

' 217,000 

1 137,698 

63 

1917 1 

250,000 

176,413 

70 

1918 

194,500 

1 146,995 

75 


The success of the district in the main has been dependent on the work- 
ing of large bodies of low-grade ore at a low cost. During the era of high 
prices for ore, in 1916, some extremely thin ground ’was carried at a profit. 
At the Penna mine, of the Mineral Point Zinc, the mill recovery of con- 
centrates was only 2.0 per cent, during March, 1916. The concentrates 
averaged about 25 per cent. zinc. This meant only 0.5 per cent, zinc in 
the ore; or, assuming a 65 per cent, mill recovery, that the mine dirt car- 
ried only 0.77 per cent. zinc. This, of course, was exceptionally low. 
Under present conditions, the recovery in the district is- about 7 
per cent, and the concentrates average about 35 per cent, zinc, giving a 
figure of 3.7 per cent, zinc for the average of the ore in the ground. Both 
the mill recovery and the grade of the concentrates have been raised very 
much during the past year, through sheer necessity, by mining richer 
ground and by improving the grade of the concentrates. On a normal 
ore market, the recovery would be about 5-6 per cent, and the con- 
centrates not over 30 per cent, zinc in grade. This would indicate 2.5 
per cent, zinc in the ground. 


Geology 

The geology of the district is relatively simple. It has been elabo- 
rately discussed by Whitney, Strong, Chamberlain, Blake, Winslow, and 
Bain, in numerous publications of the Wisconsin, Illinois, and U. S. 
Geological Surveys. Only a brief r4sum^ will be given and acknowledg- 
ment is freely made to the foregoing for much of the data. 

The region consists of unmetamorphosed, little disturbed sedimentary 
rocks of Paleozoic age. Igneous rocks are absent. A general section of 
the present rocks follows. 
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Section of Rocks of Uppee Mississippi Valley^ 


System 

Formation 

Character 

Alluvium 

Thickness, 

Feet 

Quarternary 


Terrace deposits 

Loess 

Residual clays 

5-70 

Silurian 

Niagara 

Dolomite 

150 


Maquoketa 

Shales 

160 


Galena 

Dolomite 

240 

Ordovician 

Platteville 

Limestone & dolomite 

55 


St. Peter 

Sandstone 

80 

Prairie I 

f Shakopee 

Dolomite 

50 

du 

1 New Richmond 

Sandstone 

10-40 

Chien | 

^ Oneota 

Dolomite 

200 

Cambrian 

Pre-Cambrian 

Potsdam 

Sandstone 

Quartzite 

800 


Erosion has exposed all these formations, except the Potsdam, in 
different parts of the district. The full extent of the Galena formation is 
shown at Hazel Green, Galena, and points south and west, where the 
Maquoketa has not been eroded. North of Platteville only about 100 
to 160 ft. (30 to 45 m.) of the Galena remains; and at Highland, erosion 
has exposed the Platteville over a large area. A deep well driQhole at the 
Clark mine at Highland shows the following section: 

Feet 


Galena dolomite 88 

Trenton (Platteville) lime 47 

St. Peter sandstone 56 


Lower Magnesian lime (Prairie du Chien) 204 

Potsdam, penetrated 86 ft. only in formation. 

Topogeaphy 

The deposits lie within the Driftless Area. There is a total relief 
of about 1100 ft. (335 m.), the bottom lands of the Mississippi lying about 
600 ft. (182 m.) above sea level, and the tops of the highest hills above 1700 
ft. (518 m.). In the northern part of the district, there is an east-and-west 
unbroken ridge, from which a north-and-south ridge extends through the 
middle of the district for about 30 mi. (48 km.). The ground slopes north 
and south from the north ridge, and east and west from the middle ridge, 
to drainage basins. , 

Steuctuee 

The rocks have a slight dip, to the southwest, of about 25 ft. (7.6 m.) 
to the mile. There has been some compression and folding, which has 
produced a series of structural basins. The main axis of most of these 

‘ H. Foster Bain: Zinc and Lead Deposits of the Upper Mississippi Valley. U. S. 
Geol. Survey BuU. 294 (1906). 
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basins is east and west, with a secondary axis north and south. As these 
basins are intimately related to the orebodies, some further comment is 
needed. 

Bain distinguishes four types: shallow basins, flat monoclines, asym- 
metric anticlines, and canoe-shaped basins. The last are the most impor- 
tant and, speaking generally,, typify all the important ore deposits in the 
southern part of the field. They are closely connected, in theory, with 
the imique pitch and flat formation of the ore, which will be discussed 
later. These synclinal areas are true pitching troughs, with sides much 
steeper than the normal dip of the rocks, usually many times longer than 
wide, and with one end liable to be deeper than the other. There is no 
evidence of any faulting. It is within these basins, or along their sides, 
that the orebodies are found, and prospecting work is directed to deter- 
mine from a close study of the structural contours of the oil rock where 
these basins are located, and to follow out their extent in the hope of 
finding a valuable ore deposit upon them. 

Of late years a common occurrence in the rich New Diggings field has 
been the discovery of small, distinct basins, usually elliptic in shape with 
sharply rising sides, located along a general range, usually east and west or 
nearly so. There is no connection between these orebodies of workable 
ground, yet when mapped they lie along a fairly definite course, that would 
seem to indicate that the same original cre-vice was responsible for their 
formation. 

Their distribution is not uniform throughout the field. It corresponds, 
so far as known, with the development of the mines. Over a century 
of prospecting (which until the last ten years has been mainly superficial) 
has failed to show any new developments outside of the areas adjacent to 
these camps. The origin of these basins, according to Chamberlain, was 
due to conditions of deposition modified in part by deformation due to 
pressure. Undoubtedly Bain’s theory amplifying this has much to con- 
firm it; that in. certain favored places there was a settling of the oil rock 
underlying the Galena, due to consolidation of the former, with a conse- 
.quent enlarging and deepening of the basm. 

Ore deposits are confined entirely to the Galena dolomite, and the top 
of the Platte-ville formation, which is known locally as glass rock. The 
Galena dolomite is the main ore-bearing rock of the district. It is a 
granular, highly crystalline dolomite. Chert or flint is abundant in the 
middle part. The full thickness of the formation appears only in the 
southern part of the field; in the north only 100 to 150 ft. (30 to 45 m.) 
are present. The base of the formation is called locally oil rock. It is 
an impure lime impregnated with a large amount of organic matter, 
showing 18 to 40 per cent, of carbonaceous matter, which, when dry, will 
bum with a peculiar petroleum odor. The thickness varies from a few 
inches to several feet. As the rock is most abundant around the mines. 
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in drilling, its presence is always taken as a favorable indication of proxim- 
ity to ore. Its importance geologically lies in its capacity to furnish 
a large amount of material especially well adapted for causing the precipi- 
tation of metallic salts as sulfides. 

The glass rock, the only portion of the underlying Platteville forma- 
tion known to contain workable ore, is a dense, hard, conchoidally break- 
ing limestone, hence the name. It lies directly under the so-called clay 
bed that marks the base of the Galena formation. The glass rock varies 
in thickness from 2 ft. (0.6 m.) to over 16 ft. (4 m.) in the eastern part of 
the field. It is an important formation for ore in the Linden, MijQElin, 
and Highland fields, where glass-rock blende is frequently high grade. In 
the New Diggings field, where it attains its greatest thickness, it is usually 
unpayable in the top 6 or 10 ft., but in the lower part it frequently con- 
tains considerable ore, and may, as in the Winskill mine, be large enough 
to justify mining exclusively for itself. Generally, however, glass-rock 
ore is “spotty” and less regular in its extent and richness than the depos- 
its in the overlying Galena. Recent developments at Shullsburg, 
however, in the eastern part of the field, have given glass-rock ore a large 
significance to the operators. 

The base of the glass rock is the limit of workable ore in the field to 
date. Drilling in a few isolated holes has shown small amounts of zinc 
and iron throughout the Platteville formation, but never to any extent. 
A hole on the Fox land, which was sunk 30 ft. into the Platteville, showed 
ore assaying 2.6 per cent. Zn, 5.0 per cent. Fe. We think it unlikely 
that future work will show up anything below the now recognized limits 
of the ore horizon. 

Okes 

The ores of the field consist of blende, smithsonite, and galena with 
associated marcasite and pyrite. The principal gangue mineral is cal- 
cite. Chalcopyrite and barite are occasionally encountered. Mineral- 
ogically the ores are the simplest. The complex sulfides of the west are 
entirely absent. The absence of cadmium in the zinc, and of silver 
(practically) in the lead, is noteworthy. 

Types of Ore Occurrence , — ^Bain distinguishes four types of ore 
occurrence: crevices or openings, honeycomb or sprangle, pitches and 
flats, disseminated deposits. .More simply, perhaps, we may classify 
these as top runs and bottom runs, meaning by the former, an orebody 
occurring in the top, or middle, part of the Galena, and not extending 
down to the oil rock, and by the latter, an orebody whose base rests on 
the oil rock, and which occupied a synclinal basin in the oil rock. The 
latter are, from a practical standpoint, of paramount importance in the 
field and are the only type worked by the larger operators on a larger 
scale. The top runs include crevice and honeycomb deposits. The 
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unique pitch and flat formation is sometimes seen in top runs, but is 
especially well developed in the bottom runs. Disseminated deposits are 
only found in or close to, the oil rock. 

The crevices were worked mainly by the old lead miners; they com- 
prise what Whitney calls ^'gash veins.^^ The deposit occurs along a joint 
crack in the rock, which has been enlarged by the action of underground 
waters to form irregular cavities and openings, which may be from 1 to 
4 ft. (0.3 to 1.2 m.) wide, 4 to 6 ft. (1.2 to 1.8 m.) high, and of considerable 
length. There may be more than one opening in the same vertical 
crevice, so that the miners speak of the &st opening, second opening,, 
flint opening, etc. Often these crevices may be traced for over a mile, 
but the openings are usually of limited extent. Lead was the main ore 
sought and practically the entire production of the field, in the early 
years of its history, came from surface deposits and crevices. As much as 
1000 tons is reported from one of these openings, though the average 
recovered was but a small per cent of this. 

Zinc often occurs in these crevices as a sheet of extremely pure blende, 
sometimes E or 4 in. (7 or 10 cm.) thick, lining the walls of the opening or 
occurring as a brangle in the brecciated portion of the rock. Consider- 
able work has been done. on such deposits, but the results have been 
disappointing. Although the resulting concentrates are high grade and 
bring satisfactory prices, on account of the narrow width and height 
of the orebodies it is impossible to break any tonnage, and costs are 
high. The limited extent of the deposits likewise prevent any consider- 
able capital expenditure for mill and equipment. 

Much of what has been said of crevices will apply to honeycomb deposits. 
They are relatively unimportant. Where conditions are right, a porous 
dolomite is partly filled with metallic sulfides and the resulting orebody is 
called a honeycomb, or sprangle deposit. They cannot be worked on a 
large scale. 

Disseminated deposits consist of small crystals of blende in clay or 
shale. The ore is locally known as ^'strawberry jack^' from the distinct 
crystals. The formation always occurs next to the oil rock and may be of 
considerable horizontal but small vertical extent. They were formerly of 
some importance in the north end of the field, but are not now worked. 

Pitches and Flats , — These form vastly the most important orebodies 
of the district and are distinctly unique. The ores follow, in part, the 
horizontal bedding planes and, in part, the inclined breaks between these 
planes. The result is an orebody occupying a series of horizontal sheets, 
or ''flats,'' and connected by a series of dipping sheets or "pitches." The 
shape of the orebody, when excavated, will be frequently that of an 
inverted trough or, where the pitches assume an elliptic or horseshoe 
form, an inverted bowl. 

The classic illustrations of the pitch and flat formation is that given 
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by Chamberlain in the Geology of Wisconsin, which consists of a cross- 
section of the Roberts mine at Linden; it is here reproduced in Fig. 2. 
It wiU be noted that there is originally a vertical crevice in descending 
from the surface, which spreads out to form the so-called top flat. This, 
in turn, leads on either side to the two pitches, which dip in opposite 
directions and descend, by steps, until the glass rock is reached, marking 
the limit of the orebody. (These pitches usually terminate above the oil 
rock in the thin laminated layers under the blue ground, but at Linden 
they sometimes persist through to the glass rock.) The space between the 
two pitches is locally termed “core ground” and, as shown in the section, 
is more or less mineralized by flat sheets and parallel pitches leading off 
from the main pitch. In the ideal case, the entire core would be so com- 
pletely mineralized that it would be possible to mine eversdhing from 
one pitch to the other. Such cases have occurred, but it generally 
happens that the amount of mineralization in the core varies within 
rather wide limits, hence unpayable spots are frequently left, as pillars, 
if possible. 



Fig. 2. — Section op plats and pitches of Robekt’s mine, Linden, Wis. n, m, s 
ARE NORTH, MIDDLE, AND SOUTH CREVICES. {After Chamberlain.) 

Of the pitch and flat formation, there are many different types, some 
differing very markedly from the ore in Fig. 2. Chamberlain’s illustra- 
tion throws, perhaps, too .great an emphasis on the presence of two pitches, 
each of equal strength. It seldom happens that both pitches are equally 
good; usually 6ne shows a better defined hanging wall than the other. 
The noineralization also may be quite different; a high-grade blende on 
one pitch and predominance of marcasite on the other. Of such a charac- 
ter is the weU-known Black Jack mine, or as it was formerly called, the 
Marsden. Here one pitch shows heavy black jack, with a firm, smooth, 
hanging wall from which, generally, the pitch ore breaks clean. The 
other pitch is heavy in marcasite and has no definite hanging wall. The 
roqk thereon shows considerable evidence of metasomatism, and no clear 
line can be distinguished for the outside of the ore. 

While the opposite pitph may be weak, as at the Black Jack, it is 
sometimes lacking entirely and the entire mining may be done on one 
pitch, with as much of the core ground as may be carried profitably. 
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In such a case there is no definite limit to the orebody in the core ground; 
the limit will be a function of the cost sheet. The best illustration we 
have of such a condition is at the Coker mines of the Mineral Point 
Zinc Co., shown in Fig. 3. A reference to the map will show the extra- 
ordinary length and persistence of the orebodies, showing today, with 
No. 1 mine, a mined and drilled out orebody of some 6900 ft. (2103 m.). 
No. 2 orebody, if the mines of the Vinegar Hill Zinc Co. are included, will 
show a continuous length of some 7500 ft. (2286 m.). The dip of the 
pitch at No. 1 mine is to the north; at No. 2, to the south. In theory, 
there should be a south leg for No. 1, and a north leg for No. 2, but drill- 
ing and prospecting has failed to show them. 



This is one of the oldest and most productive orebodies in the dis- 
trict. A noticeable feature is the wavy line that the range takes, 
maintaining, howevery a generally westerly direction. These s-win|p of 
the pitch are frequently quite sharp, and on the Coker 2 map, it will be 
noted that in the space of only 100 ft. (30 m.) the pitch swung around in 
direction 90°. Sections of the orebody are shown across lines AB, CD, 
EF. The number of flats, height of pitch, and floor elevation vary with- 
in considerable limits, but its generally uniform width is remarkable. 
The mines show very well, as in section AB, the several steps of the pitch 
and flat, a phenomenon rarely seen in the mines farther south, where 
steep pitches, -with no break until the top of the orebody is reached, are 
the rule. The Coker mines furnish the best illustration of the "flat” 
running off at right angles to the strike of the pitch, sometimes for 50 ft. 
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(15 m.) or more. Such a flat, besides giving heavy ore for the mill, 
furnishes an excellent chance to drive ahead rapidly and open up an 
orebody for future production, and the system has been used with good 
effect at the mine. 

The Coker mines furnish the best and simplest illustration of the 
single pitch and flat formation, and any layman can grasp the geology 
after a single visit to the mine. The mines in the southern portion, 
however, do not form along such simple lines. Bain, in his monograph 
written in 1906, noted the significant fact that besides the presence of 
two outwardly pitching orebodies parallel to the trend of the main crev- 
ice, we may find other pitches, the strikes of which are at right angles, 
or nearly so, to that of the former, which often tends to give the orebody 
a semicircular shape, something like a flatiron. Since the monograph 
was published, later work has tended to emphasize the presence of right- 
angled or quartering pitches in limiting the extent of the ore along the 
strike of the main pitch. 

As noted elsewhere in this paper, there appears to be a tendency of 
the main range to continue, though often so tight as to show no ore, 
•and some hundreds of feet distant from the first orebody, to open up 
again with a similar series of pitches, and make a second orebody. The 
best example of this is at the old Lucky 12 mine at New Diggings, where 
there are three separate orebodies lying along the same general course, 
connected with each other by drifts that show no ore. It is believed 
that future drilling work, which necessarily must be guided more by 
geological theory and less by surface indications, will show other orebodies 
lying on extensions of ranges now thought to be worked out. 

Fig. 4 shows a map of the well-known Kennedy mine of the Mineral 
Point Zinc Co. This, including the Mills and Winnebago mines, which 
are an integral part of the Kennedy orebody, is undoubtedly the largest 
deposit of ore yet found in the district. The mines have been worked 
since 1860, or earlier. Exact figures of the production are not available, 
but it is likely that about 2,500,000 tons have been mined, yielding 
150,000 tons of concentrates assaying 35 per cent. zinc. The range, as 
mined today, has a total length northwest and southeast of 3000 ft. 
(914 m.) and a maximum width of 1500 ft. (457 m.); the mined-out area 
is approximately 20 acres (8 ha.). The general course of the range is 
northwesterly and the mine shows the double pitch of Chamberlain's 
section, though on a vastly larger scale. On the northeast side, the 
pitch dips about 60® in the direction shown by the arrows, and continues 
northwest from the Winnebago shaft for 1000 ft. (304 m.), showing a 
strong, well-defined hanging wall and rich ore, which extended in places 
clear across the core over to the south pitch and frequently showed 
stopes over 60 ft. (18 m.) high. South of the Winnebago shaft and north 
of the Mills, the pitch formation is not so well defined, due no doubt to 
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crossing pitches which carried the mine away from its normal course and 
500 ft. (152 m.) to the east. The influence of the latter are plainly seen 
on the south, or west pitch, which makes almost a 90° turn at a point 



Pig. 4.— Kennedy MINE, Hazel Green, Wis. 

650 ft. (198 m.) distant from the east pitch, and thence convCTges rapidly 
toward it until, at the Mills shaft, they are only 300 ft. (91 m.) distant. 

"Where the Kennedy incline was sunk, a third pitch caiT 3 dng rich ore 
was cut, bearing about northeast and lying at right angles to the strike 
of the two main pitches. This resulted in a phenomenally rich orebody 
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for several hundred feet around the incline. This third pitch did not 
cut off any further extension of the ore to the southeast, as has sometimes 
been the case elsewhere. It did, however, affect the formation to a 
marked extent; and although the orebody persisted for 1000 ft. (304 m.) 
south of the incline, the pitches and hanging wall became less defined 
and the stopes dropped down in height appreciably. The ore, though 
continuing rich, became more of a flat deposit than the pitch type. 

Genesis of the Ores . — It is now generally admitted that the original 
source of the ores was from the surrounding rocks and concentration 
effected by descending solutions. That any theory of deep-seated origin 
and ascending soli^tions is untenable is shown: by the absence of any 
true fissure veins; by the presence of stalactites in all openings; and by 
the tendency of the ore to flatten out in broad sheets along on every im- 
pervious bed, for instance the clay bed, as well as by other evidence. 

A r4sum4 of Bain’s theory of the origin of the ores is as follows: 

1. The ores represent a concentration of material originally dissemi- 
nated through the surrounding rocks. 

2. The zinc and lead originally present in the crystaUine rocks of the 
Lake Superior district were delivered by rivers to an especially favored 
part of the Ordovician coast, where they were concentrated by evapora- 
tion and precipitated in quantity. 

3. The agents of precipitation were hydrocarbons or H 2 S derived 
from decaying masses of algae within certain shallow basins on the sea floor. 

4. As the algae matter became compressed, the beds above broke and 
settled leaving open spaces of peculiar form for the ultimate recfeption 
of orebodies. 

5. Deep joint cracks developed. 

6. The area was subjected to peneplanation and gorge cutting, when 
the overlying shale was cut away. 

7. Vigorous underground circulation was brought about. 

8. This circulation resulted in a concentration of disseminated mate- 
rial, and with a fall in groundwater level the ores were reconcentrated, 
the favored -areas being the present structural basins, where, it logically 
follows, then was originally the greatest depth of oil rock, which, under 
compression, would have yielded the largest amount of precipitating 
matter. 

Prospecting 

The early miners, who were entirely concerned with lead, sunk 
shallow test pits at favorable points on the hillsides or where float lead 
occurred and drove narrow drifts to prospect between the shafts. Many 
of the hillsides around Galena are literally pock-marked with these old 
pits. These shafts w;ere rarely sunk below water level, as pumps were 
generally lacking, and as the galena was usually found above the water 

VOIi. LXIXI. — 15 . 
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level, there was no incentive for going deeper. Zinc at that time was 
practically valueless and regarded as a detriment, necessitating eyeful 
sorting to free the lead from it. Hence in many cases the old timers 
would actually stop sinking on top of a good sheet of jack, which often 
was coincident with the groundwater level. With the development of 
zinc mining in the district, therefore, the obvious thing to do was to 
pinV these old lead shafts deeper, wherever the dump showed zdne ore, 
and proceed with development. The well-known Marsden Black Jack 
mine was originally discovered as a lead mine and worked for lead alone 
for years. 

It was early learned, however, that some other method must be used 
to prospect for zinc, as shaft sinkmg was too slow and costly and, in all 
probability, new and valuable zinc deposits would be discovered that 
might not be at all related to present lead mines. Hence churn drills were 
introduced about 1900. These were mostly light, portable machines, 
with string of tools and not adapted for drilhng deep holes or very 
hard ground. 

The development of drilling from a mechanical standpoint alone, is 
interesting. Bain gives the cost, in 1906, as 75 c. to $1 per ft. In 
spite of the greatly enhanced costs of labor and material, the cost now 
varies from 60 to 75 c. per ft., due entirely to the use of large, well-de- 
signed machines and very heavy strings of tools. Where formerly a 
33^-in. (9-cm.) bar was considered enough for average work, now a 32 
ft. 4)4-in. (9 m. 10 cm.) “string,” weighing about 1500 lb. (680 kg.) is 
customary. Formerly 20 ft. (6 m.) per day in hard ground was a day’s 
work; now 35 to 40 ft. (10 to 12 m.) is looked for. Nearly all drilling is 
contracted, the large companies having found this more satisfactory 
f.Tia.n owning and operating their own drills. Hence there are in the dis- 
trict a number of experienced, efficient drillers who understand the ground 
and rarely lose a hole through carelessness or lack of knowledge of the 
business. In spite of its relative cheapness as a prospecting method drill- 
ing is expensive, and can cost a great deal of money in a very little time. 
Of late years, the importance of careful supervision by experienced men 
has been recognized by the operators and practically all di-illing is now 
done under the direction of a drill engineer,” who spots the holes on 
the basis of his study and knowledge of the geology of the field, examines 
all cuttings, checking his judgment of those showing ore by assays; and 
if an ore deposit is found, blocks it out by properly spaced drilling until 
enough ore is shown to justify the sinking of a shaft or the erection of a 
mi'll In early years, there was little if any supervision of the drilling; 
hence much money spent on this work was practically wasted, so far as 
providing permanent authentic records of the ground is concerned. 
Holes were spotted without surveying or level notes and the driller’s 
report was taken as final on the worth of the cuttings. 
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During the brief, though hectic, boom that the district had in 1905-6, 
there was considerable wildcat drilling and, it is reported, some salting 
of drill holes. Many shafts were sunk and some mills built on utterly 
insufficient showings. Of late years, under proper supervision, there is 
no case, that we can recall, of deliberate salting of drill holes. The 
incentive is usually lacking for such dishonesty, as most lands are leased 
and not purchased outright for their mining value; or if they are, the 
drilling is done subsequent to such purchase. 

When zinc mining was first started in the district, the favored places 
for drilling were naturally adjacent to the old lead ranges and shafts, 
particularly where these showed jack on the dumps. It was early rec- 
ognized that the zinc deposit, where such existed, was rarely directly 
under the lead range but usually to one side, and sometimes removed 
hundreds of feet from such ranges. With a clearer understanding of the 
geology of the field, the aim of the drill engineer is to pick up a structural 
basin adjacent, if possible, to these lead ranges, and follow it down to its 
bottom; or failing to find any ore there, to follow it out along its longest 
axis. This necessitates careful surveying and leveling of aU holes and 
accurate platting of the oil rock. With the exploitation of the known 
lead ranges during the last few years, it has become more and more 
necessary to use all possible knowledge of the structural basins for a 
guide in drilling, as surface indications, lead pits, crevices, etc. that used 
to be depended on are now largely lacking in the new fields. 

When a good hole has been found, the blocking out and extending of 
the orebody is not especially difficult, if enough money is spent in drilling 
and, of course, if there is any size and height to the ore. The usual 
procedure is to cross-cut the range first in order to determine the width 
of the orebody, and the direction of the pitch. When this is known, the 
range can be more easily drilled out along its course. Our practice, when 
the dip of the pitch and the width of the range are known, is to place holes 
in zig-zag positions along the course of the range, thus gaining information 
on any change in height of pitch, as well as proving up more territory. 
The amount of drilling deemed necessary by the operators to prove up 
a mine will vary with the richness and quantity of the cuttings. Some 
companies believe in much closer drilling of an orebody than others, 
and take many cross-sections through the stopes. These sections are 
carefully platted, and subsequent mining and development are planned 
from a study of them. It is debatable whether this practice cannot 
be overdone; or in other words, if much of the information supposed to be 
gained from drill-hole sections would not have been had in the regular 
course of mining. Moreover, it should be emphasized that a drill log, 
no matter how carefully taken, must be interpreted in the light of ex- 
perience with former mining conditions, and will frequently fail to tell 
the whole story; or more yet, may present it in a distorted o’r exaggerated 
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light. Mr. H. C. George, of the Wisconsin Zinc Co., in a paper presented 
before the Institute in February, 1918,® has two sections of drill holes 
showing -very clearly how cuttings may be lost in an onen crevice cut by a 
hole, with the result that the hole might be reported blank, or again, ore 
may be carried down from a top flat in soft ground, and so salt all lower 
runs. Every drill engineer has had dozens of such experiences and would 
hesitate before drawing conclusions from any one hole. 

From the assays of the sludgings, where ore occurs, the proper calcu- 
lations are made to convert them to sulfides, and thus the grade of the 
dirt and grade of concentrates can be figured. Mill recovery is usually 
taken at 60 to 70 per cent, of the zinc and 50 per cent, of the iron; but 
these factors are largely empiric and are affected by the system of m i ll i n g, 
as weU as the character of the ores. For instance, soft marcasite is 
slimed away in milling to a remarkable extent and the concentrates will 
be much higher in grade than might be expected from the iron assay. 

Some companies make tonnage estimates of ore from the sections and 
records of drill holes. Mr. George, in the paper referred to, gives a 
full example and figures of such a problem. Unless the drilling has been 
exhaustive, such calculations are only approximations. 

Operating 

General . — The mining problem in Wisconsin is to handle large bodies 
of low-grade ore at a low cost. It is, therefore, essential to handle as 
large a tonnage as possible in order to cut down overhead and fixed 
charges. It is interesting to note the increase of cars per man shift with 
the increase of cars hoisted per day. A mine hoisting -320 cars per day 
produced 4.6 cars per man shift, but with better labor conditions follow- 
ing the close of the war the same mine hoisted 520 cars per day with an 
increase to 6.2 oars per man shift. Another mine hoisting 790 cars per 
day produced 10.6 cars per man shift; and upon increasing the cars 
hoisted to 1012 produced 12.9 cars per man shift. With the larger 
number of cars per man shift, it is evident that the labor cost is corre- 
spondingly reduced. It is also true that supply and power items do not 
ncrease in anything like a direct ratio to cars handled. 

Orebodies are from 5 to 100 ft. (1.5 to 30 m.) high and from 20 to 
300 ft. (6 to 91 m.) -wade. In a low stope, a simple heading is carried on 
the rail-fence plan. For high stopes, underhand mining in open stopes 
is the method used throughout the district. Pillars 10 to 30 ft. (3 to 9 
m.) in diameter are left for the support of the roof. Spacing between 
pillars is from 20 to 50 ft. (6 to 15 m.), depending on the character of the 
ground and roof to be supported. The pillars are left in lean ore wher- 
ever possible. Limestone bedding is horizontal and bedding planes vary 
from a few inches to several feet thick. One of these bedding planes at 


* Tram. (1918) 69, 117. 
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the top of the ore is selected for a roof, or cap, and is kept unbroken 
between pillars; this insures a solid top and safety for men working 
beneath. Location of pillars is determined largely by the character and 
shape of the body; the ground stands well and there is very little trouble 
from this source. 

Where there is a glass-rock or oil-rock flat, a row of pillars is left at 
the edge of the flat, or bottom of the pitch, in order to hold up the brow 
formed by the change from low ground to high. Other pillars are left in 
the high part of the stope, as required by the width of the stope and 
character of the ground. 

Shafts and Hoisting . — ^Location of shafts is determined by the pros- 
pect drilling. They are generally located as centrally as possible and, 
if practicable, at a low point in the orebody. The depth ranges from 
60 to 200 ft. (18 to 60 m.), and a sump 10 to 15 ft. (3 to 4.5 m.) deep is 
left below the working level for water. Trom the collar down to solid 
rock the shaft is either cribbed with timber or lined with concrete. 
Cages and cars are used for hoisting, and shafts have either one or two 
cage compartments with an extra compartment for ladders and pipes. 
Cages weigh 1300 lb. (589 kg.), cars 600 lb., and, in single-cage hoisting, 
a 1500-lb. counterweight is used. The hoisting rope is of % in. (19 mm.) 
plow steel. Size of hoisting motors varies from 35 to 52 hp. and the 
hoisting speed is about 600 ft. (182 m.) per min. At one mine having a 
35-hp. motor and single-cage shaft and a hoisting depth of 195 ft, (59 m.) 
530 cars have been hoisted in a 9-hr. shift; this is 10 cars less than one 
car per minute for the entire shift, and a little more than one car per 
minute after taking out time for lowering and hoisting men. In a two- 
compartment shaft, this work has been equaled for a period of a month. 
Two men cage the cars at the bottom and two men on top pull the cars 
off into a self-dumping cradle above the ore bin and then cage the empty 
car. For safety at the top landing, a wooden hood is built over the shaft 
to work up and down on the guides. When the cage comes up, it raises 
this hood and lowers it into place again on the down trip; this avoids the 
loss of time where the topman must open and close a gate. 

Breaking Ground . — The method used in breaking ground is one of 
underhand stoping. A heading 5 to 6 ft. (1.5 to 1.8 m.) high is carried 
at the top of the stope. This is broken in the usual rail-fence shape, 
three holes, one above the other, being necessary for breaking each slice. 
Air-hammer drills mounted on columns, are used in the headings. The 
lower part of the stope is broken by horizontal holes acting as lifters, 
each hole having 10 to 15 ft. (3 to 4.5 m.) of ground on it. These holes 
are not placed on a regular system, but are drilled as determined by the 
shape of the breast to give the best results. They are drilled with an air- 
hammer drill mounted on a tripod or with Jackhamers. Broken dirt 
rolls to the bottom and is shoveled into cars. The heading at the top of 



230 


THE WISCONSIN ZINC DISTRICT 


the stope is pushed ahead and the lower part of the stope is only drilled 
and shot when dirt does not roll to the bottom. Most stope holes are 
squibbed with a few sticks of powder. Contract drillers receive 43^ to 
6 c. per car broken. The following analysis of drilling and blasting 
figures gives a fair average of work done. Stopes in mine No. 1 are only 
8 ft. (2,4 m.) high, while those in mine No. 2 are 20 to 70 ft. (6 to 21 m.) 
high. 

Mine No. 1 Mine No. 2 


Average depth of holes, in feet 9.5 13.6 

Holes per machine shift 2.9 2.64 

Feet drilled per machine shift 27.6 36.0 

Cars per hole 34.8 60.0 

Cars per machine shift 100.9 158.4 

Cars per pound of powder (40 per cent, gelatine) . 1.4 1.83 


Shoveling . — Shoveling is the highest labor item appearing on the cost 
sheet and for this reason has been given close attention. Aside from the 
item of expense, shoveling is the limiting factor in increasing mine pro- 
duction. There are only a limited number of places to shovel from and 
by increasing the number of cars from each shoveler the coal mine ton- 
nage is increased. 

Cars having a capacity of 16.5 cu. ft. (0.46 cu. m.) are used. The car 
is low and the top area is large so that the shoveler has no trouble in put- 
ting all of the dirt into the car. Tracks are carried up to the broken 
dirt so that the car is as close to the work as is convenient. A stope 30 
ft. (9 m.) wide between pillars will accommodate three tracks. In a high 
stope, a shoveler will handle 40 to 50 cars; one heading produces 120 
to 150 cars per 9-hr. shift. Each shoveler fills his car and trams it to a 
sidetrack and brings in an empty. The sidetrack is kept within 100 
ft. (30 m.) of the heading. In some of the mines a mule brings in two 
cars to the heading. The shoveler turns these over to one side of the 
track to let the mule pull out the full cars and then turns one car back 
on the track, fills it, and pushes it back a few feet past the other car, 
which is then turned up on the track and fiUed. The cars are light and 
easy to handle and it is quicker than tramming to a lay-by. 

The dirt, as broken, contains many large boulders, some of which are 
drilled and shot; others are broken by the shoveler with rock hammers. 
Boulders containing ore must be broken and sent to the mill . Large 
boulders of pure limestone are loaded in a separate car and thrown over 
the dump. Erom 6 to 15 per cent, of the dirt broken is sent over the 
dump as boulders. Several attempts were made to do this sorting on 
grizzlies on the surface, but it was found to be too costly. It was 
also difficult to keep the grizzlies cleared when cars were coming fast. 
Bedding planes in the limestone generally give a smooth shoveling 
surface but flat sheets are used in most places. 

No. 2 D-handle scoops, holding approximately 27.5 lb. (12.5 kg.) 
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are used; weight of load depends on richness of ore and amount of water 
in the dirt. The men are paid on a contract basis of 12 c. per car. In 
small stopes with poor working conditions shoveling is done by men at 
$3.50 per day. Results in a mine having poor shoveling conditions show 
that 67’ per cent, of the shoveling was done by contract labor. The 
average per shoveler was 27.5 cars, and the average for contract shovelers 
was 40.8 cars per shift. Another mine with better than average condi- 
tions shows that 95 per cent, of the shoveling was done by contract 
labor with an average for all shovelers of 46 cars, and an average for 
contract shovelers of 46.6 cars per shift. 

Haulage , — Where headings are not more than 300 to 400 ft. (91 to 
121 m.) from the shaft, hand tramming is the most economical and a 
trammer can handle from 100 to 200 cars per shift. For longer trams, 
mules weighing from 800 to 1100 lb. (362 to 499 kg.) are used. Few of 
the mines have hauls of over 2000 ft. (609 m.) and mechanical haulage 
has been used but little. 

Tracks are of 16-lb. (7.25-kg.) rail, 22-in. (55.8-cm.) gage, and are 
laid on the mine floor without any particular attention being paid to 
grade. The flioor of the mine follows the ore, so it is frequently necessary 
to lay the tracks on grades as high as 15 per cent. These dips are eased 
up as soon as conditions will permit and grades on main haulage tracks 
are kept below 4 per cent. A mule can handle two cars for short dis- 
tances on 6 or 7 per cent, grades, or one car on a short 15 per cent, grade. 
No brakes are used on cars. If the grade is too steep, one car wheel is 
spragged; or with empties, the driver holds cars back by placing his hand 
on the mule^s rump. Where the room is low a space is hoUowed out 
between ties for the mule. 

A mule pulling two cars for a distance of 1200 ft. (365 m.) can handle 
dirt from one shoveler; for distances greater than this, it is necessary to 
put in a side track. The first mule pulls to the side track and a second 
mule pulls from there to the shaft. The track from the side track to the 
shaft is kept in good condition and the second mule pulls four cars and 
takes cars from two heading mules. A mule will make from 12 to 20 
ton-miles per shift at a cost of 25 c. to 35 c. per ton-mile. 

Pumping , — Mine water varies from a few gallons per minute up to 
3000 gal. (11,355 1.) or more. Pumps used include various types of cross- 
head pumps, motor-driven triplex pumps, and motor-driven centrifugal 
pumps; later practice inclines to triplex and centrifugal pumps. The 
triplex are the most efficient but the centrifugal pumps have found wide 
use on account of being light and easily installed {md moved; the pump 
capacity can also be regulated to the mine flow by throttling the dis- 
charge. Sumps are generally small, a very convenient feature. As the 
headings progress, there are places where the bottom dips; small centri- 
fugal pumps are placed in these low spots to Hft the water over the rise. 
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Verdilation . — Air in the mines is generally good. Drill holes that have 
been put down in prospecting give a circulation; if this is not sufficient, 
a blower is attached to a drill hole and air blown in from the surface. 
When headings have advanced several hundred feet from the main shaft 
another shaft is sunk; in addition to furnishing fresh air, this provides a 
safety exit from the mine in case of accident to the main shaft. High 
stopes tend to ventilate themselves much better than low ones. 

Labor.— ^The district is located in one of the best farming districts 
of southern Wisconsin and there are numerous small towns within a few 
miles of the mines. Good public schools are also near by. A number of 
the men reared in the district and farm hands and farmers work in the 
mines in the winter. Also many foreigners work there, mostly as shovelers 
and trammers. Men with families live in the nearby towns, though 
the mining companies have built a large number of houses for their 
men. 

Milling 

The milli n g of the ore is generally similar to Joplin practice but is 
somewhat sim pler, in that no attempt usually is made to use tables or to 
save the slimes. To a casual observer, all the miUs look about the same in 
appearance and design, but there are important differences when the flow 
sheet is consulted. They are often classified as one-, two-, and three- 
jig mills, or sometimes designated as 75-, 100-, or 200-ton mills, the 
latter referring to the number of tons supposed to be put over in 9 hr. 
This figure is more or less arbitrary, and in the same mill will vary under 
a number of factors, as the grade of the dirt, amount of water, and super- 
vision of the millmen. 

The milling problem is relatively simple. There are no complex 
sulfides to deal with, and much technical skill is not demanded in the 
work. Only three products are made, galena, blende, and tailings. 
Galena is often absent in the ore and the blende necessarily includes 
marcasite along with the black jack, the difference of specific gravity 
between the two being very small. It is this fact that brings the average 
grade of the Wisconsin concentrates down to 30-35 per cent, zinc, with 
many mines operating (with normal markets) on concentrates assaying 
only 20-25 per cent. zinc. 

As is well known, there are two iron sulfides, marcasite and pyrite, 
identical chemically, but with some important mineralogical differences. 
The specific gravity of marcasite is slightlyless than pyrite, which is locally 
known as "hard sulfur,” while marcasite is called “soft sulfur.” Pyrite, 
when present in quantity, was sometimes drawn off the jigs immediately 
after the lead, in an endeavor to raise the grade of the zinc concentrates. 
This practice was never very successful, as considerable amounts of jack 
were usually drawn off with the pyrite, and the product, generally assay- 
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ing 10 per cent, zinc or so, was sold for a nominal figure only to acid works. 
It has since been discontinued at all the large mills. 

When marcasite is present in the ore as a pure mineral, it is very often 
slimed away in the milling to a surprising extent and a much higher grade 
concentrate obtained than would be expected from assay of the mine dirt. 
In most cases, however, the marcasite occurs as ^'sulfur rock,” an impreg- 
nation of the dolomite with fine stringers and bunches of the mineral, 
the specific gravity of which will vary with the amount of FeS 2 ranging 
from 3.0 to 3.9. This sulfur rock often constitutes one of the most diffi- 
cult problems in milling, especially with low-grade ores as, aside from the 
iron, it tends to run up the lime content of the concentrates, which is 
objectionable. Inasmuch as the sulfur rock is more of an impregnation 
of the dolomite than a free milling mixture, finer crushing often fails to 
cause the marcasite to break free from the lime, and there is no change in 
the specific gravity of the smaller particle but a distinct chance for loss in 
sliming the valuable blende and galena by the finer crushing. 

One-jig mills are often constructed for the small mines, where the 
orebody is limited and large capital expense is not justified. They are 
better adapted for concentrating high-grade than low-grade ores, provided 
they are not overcrowded. The supervision, however, is apt to 
be lax and the tailings losses are generally higher than with two- or 
three-jig mills. Sometimes a mill is constructed with a single jig of six 
or seven cells, and if development work in the mine shows up well, a 
second and third jig are added. AU of the large operating companies use 
two- or three-jig mills. The labor cost is usually the same for a large 
as for a small miU, unless the recovery is very high, when an extra helper 
is needed. The usual crew consists of a crusher-feeder, miUman, and 
'^backer.” 

Where there is no provision made for treating the slimes, the logical 
treatment is to avoid sliming as much as possible, which means crushing 
and jigging as coarse sizes as the nature of the ore will permit. The 
Hoskins mill, one of the newest and* best equipped in the district, has 
been successful in milling over 26,000 cars a month, or at the rate of 1000 
cars per day of two-mill shifts, with a good recovery, making a high-grade 
low-leaded ore, with not over 3 per cent, lime in the concentrates. Tail- 
ings losses are held below 1 per cent. zinc. A flow sheet of the mill is 
shown in Fig. 6. From the ore bin, with a capacity of 200 tons, the ore 
goes to an 18-in. breaker, thence to a trommel, where the undersize is 
delivered directly to the rougher jig, in order to avoid loss by any sliming 
through further unnecessary crushing. The oversize goes to a set of 14 
by ‘36-in. (35 by 91-cm.) rolls. It is then elevated aind put through a 
second trommel, having the same size holes as the first, 3^-in. (12.7 mm.), 
where the undersize goes to the rougher and the oversize is returned. 

The rougher consists of eight cells, 30 . by 40-in. (76 by lOl-cm.) 
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sieves, screen sizes varying from %6 to i^- (H to 6.3 mm.). It is 
run at 185 r.p.m. Lead is recovered from the first cell and coarse con- 
centrates drawn off from above the hutch. The hutch product from all 
cells, except the fiirst, goes to the eight-cell cleaner jig. Clean concen- 
trates are obtained here from the hutch, screen sizes being in. (32 mm.) 

on the first, where lead is obtained, and % in. (9.5 mm.) on the others. 
This jig sends its overflow from the last cell to a small trommel, with 
in. holes, where the undersize is sent to a four-cell sand jig and the over- 
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Fig. 5. — ^Flow sheet of Hoskins mill, New Diogings, Wis. 


size back to a set of lO-in. (25 cm.) chat rolls, from which they are sen 
over the rougher once more. The sand-jig sieves vary from He in- 
to He in- (4.7 to 7.9 mm.), and are run with a fast light stroke at 220 
r.p.m. The product is a fine, clean concentrate of high grade. 

Electric power is used on a 100-hp. motor. About 700 gal. (2649 1.) 
of water per minute are required. As the mine provides only 200 gal, per 
min., the balance is obtained by saving the water from the cleaner jig, 
which runs to a settling tank thence to a mill pond, where it is pumped 
back to the mill. 



DISCUSSION 


235 


A feature of the mill is the use of a solid concrete floor, all launders and 
elevator boots being built in concrete as well. In this way, a fruitful 
source of waste and loss in the old mills is eliminated, where rich mill feed 
was lost on the ground when a launder overflowed or an elevator broke. 

No flgures are on hand to show the efficiency of the mill recovery, as 
accurate sampling of the heads has not been attempted. The tailings 
loss, however, is held to a low figure, and considering the tonnage put 
through, the amount of slimes produced is comparatively small. 

During the era of high prices, some attempts were made to remill the 
tailings piles of the worked out mines, where these piles showed over 2 
per cent. zinc. In no case were operations undertaken on a large scale, 
nor was there any considerable amount spent for construction or equip- 
ment. The work brought out some interesting points in milling. It 
was possible to obtain exact samples of the heads and tails, and so figure 
the recovery, which in most cases amounted to only 50 per cent, of the 
zinc and 30 per cent, of the iron. This is considerably less than the recov- 
ery of the primary ore in the mill, which is estimated at 60-70 per cent, 
of the zinc, and 40-50 per cent, of the iron. The reason, no doubt, is 
that much of the zinc is in the form of fine flakes, or floaters, which are 
too apt to be floated off in jigging without getting a chance to settle, 
particularly if much top water is used. Most of the iron is present as 
'' sulfur rock^^ with a difference of specific gravity not sufficiently great to 
bring it down in the concentrates. Another thing found was that a high 
zinc assay of the pile was not so important as knowing that the jack was 
in recoverable form — ^free particles, rather than chats. 

Conclusion 

The Wisconsin zinc district is a big field that is far from having been 
completely prospected. The possibilities of the field are best appreciated 
by noting, from the production table, how the output has grown from 
19,000 tons, in 1904, to over 250,000 tons, in 1917. It is only within the 
last decade that intensive mining, large-tonnage production, and low- 
cost methods have been introduced, and the results have been highly 
satisfactory. Intelligent prospecting has succeeded in blocking out, in 
many cases, a supply of ore sufficient for heavy output for many years and 
the cost of prospect drilling is very much less than in other fields. Con- 
sidering these factors, the Wisconsin field seems assured of a steady growth 
in importance and output for a considerable period. 

DISCUSSION 

J. H. PoLHEMUS, New York, N. Y. (written discussion*). — The Joplin 
mining and milling practice has largely influenced operating methods in 
the Wisconsin district. Milling equipment is essentially of the same type 
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with the notable exception that no tables are used. The treatment of the 
fine sands has been attempted several times but -without commercial 
success. Table material coming from any one mill is low both in tonnage 
and zinc content. The iron is comparatively high as the pyrite-lime 
“chat” is much more prevalent than the zinc-lime attached particle. 
In the finer sizes the zinc occurs mainly as free mineral. These condi- 
tions make the production of good-grade table concentrates very dififi- 
cult. The accompanying tabulated results from several mill tests indi- 
cate the character of the mill tails. I think the average mill tails in the 
district assay nearer 1.5 per cent, zinc than under 1 per cent., as stated 
by Messrs. Boerieke and Garnett. 


Mesh 

Mill No. 1 

Mill No. 2 

MiU No. 3 

Per Cent, 
by 

Weight 

Zinc 

Per 

Cent. 
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Per 
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1 

Iron 
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On 10 

42.4 

0.7 

5.3 

73.4 

1 

0.9 

2.9 

66.0 

1.7 

4.4 

-10+20 

20.2 

1.3 

5.2 

7.7 

1.5 

3.8 

15.3 

1.9 

4.5 

- 20 + 40 

9.6 

1.7 

4.9 

3.7 

1.5 

3,5 

6.8 

1.9 

3.6 

- 40 +80 

8.3 

1.5 

4.4 

1 3.8 

1.9 

3.1 

4.0 

2.4 

3.1 

- 80 

19.5 

2.5 

6.2 

11.4 

4.2 

6.4 

7.9 

3.5 

5.2 

1 

Total 

100.0 

1.31 

5.3 

100.0 

1.32 

4.13 

1 100.0 

1.91 

4.37 

Feed to mill 


4.7 

6.7 


6.3 

3,8 


6.5 

7.5 


The fines' offer a more promising field for increased recoveries than 
do the table sizes. Flotation tests have been made with very promising 
results. High recoveries and good-grade concentrates are indicated, 
the pyrite and marcasite largely remaining in the tails. The general 
mill practice now is to make as little fines as possible, keeping the feed 
to the jigs as coarse as will produce concentrates fairly low in lime. , Very 
little regrinding is’ done, the coarser middlings from the rougher jig being 
the m ain product so treated. This practice often results in concentrates 
carrying comparatively high lime contents, the lime being present as 
attached particles and very fine sand or fines. If flotation could be 
adapted more regrinding could be done and the fines classified out of the 
jig feed. This would result in better grade concentrates and increased 
recoveries, as the fine mineral being lost under present mill practice 
■ would largely be recovered. 

The majority of the mines still stick to hoisting in buckets as in the 
Joplin district with the hoist placed in the top of the derrick. The 
tendency, however, is toward the use of cars and cages, as described by 
the authors, as the cars are better adapted to power and mule liaulage 
and the use of power shovels underground. The haulage problem has 
not/eceived the attention it deserves, but rising labor costs and lengthened 
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hauls will probably lead to the discard of the mule in the near future in 
favor of the locomotive. With proper tracks, the ton-mile figure of 25 to 
30 c. given by the authors should be almost cut in two. The scarcity of 
shovelers has led to the trying out of several types of underground 
shoveling machines. The successful use of such machines is intimately 
tied up with the installation of a good transportation system and a well 
defined mining plan. If the capacity of the shovel is held down by 
inability to keep enough “ empties’' on hand or if the shovel has to be 
constantly moved to be supplied with ore, there is little chance for 
success. A fairly accurate knowledge of the orebody, as obtained by 
drilling, is of material assistance in laying out the mining work. Ob- 
taining this knowledge by the actual mining out of the ore adds to one’s 
hindsight, but a little foresight is worth a lot of the other. Drilling 
will show where the mine bottom will be, thereby doing away with 
much ^Haking up of bottom,” whether or not the stopes will be of 
sufficient height and size to warrant consideration of power shoveling, 
whether sublevel work will be most advantageous, and whether cheaper 
mining methods may not be possible. The inherent irregularities in the 
orebodies make any knowledge gained by drilling very valuable in pre- 
venting irregularities of operation. 

In certain orebodies where minable ground from 60 to 80 ft. (15 
to 24 m.) high is found, and where the ground stands well, other mining 
methods than those now being used should be seriously considered. 
If the mine is not so wet as to cause cementing of the broken ore, shrink- 
age stoping might be successfully applied. The necessary drifts and 
raises would be largely in ore and the dead work expense consequently 
low. 

The points touched on here are not new but merely emphasize certain 
possibilities for lowering costs and improving recoveries. 

F. J. De Wilde, Galena, 111. (written discussion*) . — ^As it is impossible 
to spare the time for a lengthy discusson of this excellent paper, I am 
dwelling only on points where either the information is not clear or 
opinion differs radically from that of the authors. 

On page 218, relative to oil rock, the authors state that the presence 
of oil rock is always taken as a favorable indication of proximity to ore. 
As thick, highly carbonaceous, oil rock has been found quite often in 
isolated patches outside of the district proper, the mere presence of oil 
rock is not always an indication of the propinquity to ore deposits. 

Regarding glass rock, I agree with the authors, that, generally speak- 
ing, sphalerite in the glass rock is spotty; however, they fail to mention 
that nearly all mines contain more or less ore in the glass rock, the usual 
location being near the toe of the pitch. 


Received Sept. 19, 1919. 
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On page 220, they say that disseminated deposits are only found in, 
or close to, the oil rock. To refute this statement, 1 refer them to a 
typical disseminated deposit situated at the Adam and Eve shaft of 
the Frontier Mining Co. This deposit is located in the central horizon 
of the Galena dolomite, that is, in those sedimentaries containing flint 
nodules. Perfect crystals of sphalerite are found disseminated through- 
out the rock, and are commonly known by the miners as strawberry 
jack. I believe all top runs, or upper deposits as described above, should 
be classed as disseminated; physically the ore makes its occurrence in 
just such a manner. 

Honeycomb deposits are those that have been formed through changes 
in the circulation and solution of the underground waters acting upon the 
sheet deposits. Proof of this is the presence of remaining typical sheets 
wi thin the deposit; often deposits are part sheet and part honeycomb. 
It might be advisable to mention that sheet and disseminated deposits 
have been observed as adjacent deposits, either in higher or lower horizons, 
and the one inay lead to the discovery of the other. 

On page 221, it is stated that pillars are frequently left in unpayable 
spots. By this, I assume the authors mean either rock barren of sphale- 
rite, or so highly impregnated with iron sulfide that the mining of it 
would materially lower the grade of the concentrates. 

Chamberlain’s illustration of a typical sheet cross-section showing the 
two pitches is an exception rather than the rule; I have yet to see a 
typical double-pitch deposit. 

The Coker mines furnish the best illustration of a flat sheet running 
off at right angles to the strike of the pitch. This occurrence is also 
true at the Blewett mine of the Blewett Mining Co. Here the flat, 
which is located midway between oil rock and capping, makes a right 
angle turn to the strike of the pitch, and carries a large sheet of jack for 
about 50 ft. (15 m.) the width being about 2 feet. 

Extensions to orebodies, as illustrated by the Lucky Twelve mine, 
could also be illustrated by deposits found in Calvert ground, of the Fron- 
tier Mining Co. Four times the Calvert mine was thought to have been 
worked out, only to come to life again by flnding another deposit separated 
from the last orebody by a stretch of barren limestone. 

The authors say, on page 227, that when a good hole has been found, 
to develop the orebody the usual procedure is to cross-cut the range 
first, in order to determine the width of the orebody and the direction 
of the pitch. This statement is misleading as the direction of cross-cut- 
ting is unknown. I think we try to cross-cut the range to determine the 
strike of the orebody, but it is seldom that this occurs as most deposits 
are too irregular in height, width, direction, etc., to follow their course 
by this method. 

Eeference is made to the location of pillars as determined largely by 
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the character and shape of the orebody, etc. At the mines of the Fron- 
tier and Burr mining companies, pillars are left as often as it is deemed 
necessary to support the cap rock, regardless of whether they contain 
much or little ore, although barren ground or that containing a high 
percentage of marcasite is favored as much as possible, all things con- 
sidered. Where the cap rock shows numerous crevices, pillars must 
necessarily be left more frequently to support the broken area. Often 
faulty cap rock delays operations for days, as it must be taken down, 
trimmed, and arched to the succeeding layer of rock above. 

Shafts and Hoistings. — Buckets, designated as cans and varying from 
1000 to 1200 lb. in capacity, are used more extensively than cars and 
cages; not that it is ultimately less expensive to do so but because the 
first cost of installation is considerably less. They are more elastic in 
their application to small mines. Balanced hoisting with cars and cages, 
as operated by the Mineral Point Zinc Co., no doubt is the cheapest and 
best method to use where the deposit is large. 

Breaking Ground . — ^Air hammer drills mounted on columns are fast 
being discarded for the more easily hand-held and more mobile Jack- 
hamer. With the Jackhamer, a drill man will drill more footage and, 
consequently, break more ground than with the mounted machine, as no 
time is lost in setting up and taking down a machine. Contractors prefer 
the Jackhamer. The consumption of air and the upkeep are less than 
with the mounted machine. The machines are best oiled by forcing oil 
into the air line under pressure, the operation being automatic. 

Ventilation . — ^It is very seldom that a drill hole by itself will prove an 
efficient means for providing air to a mine heading. Blowers are used 
to force air into the mine workings and the larger the diameter of the 
hole the greater is the volume of pure air to mix with the vitiated atmos-^ 
phere underground, thereby making the mine a desirable place for the 
men to work in, and resulting in more efficient labor. It is usual, where 
the workings are low and the ventilation consequently poor, to ream a 
6 in. hole to 10 or 12 in. in diameter and then install a large blower to 
force air into the mine. Where a drill hole has been left without casing, 
it is seldom efficient as a means of ventilation. All drill holes should be 
cased from top to bottom, as often open flats will deflect the air and 
allow little air to arrive at the mine headings. It has been my exper- 
ience that suction fans, in this district, have been uniformly unsuccessful. 

Haulage . — It seems to me that the gasoline and storage-battery loco- 
motives have been slighted by the authors and favoritism shown to the 
mule. The authors state that haulage costs when using mules are from 
25c. to 35c. per ton-mile. This is excessively high when compared to 
mechanical haulage where the cost is seldom above 24c. per ton-mile 
with a limited tonnage. Where large tonnages are hauled, the average is 
about 16c. per ton-mile. When first used, the cost has been as low as 8c. 
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per ton-mile. These figures include the cost of maintenance, repairs, 
oil, gasoline, and depreciation. The exhaust from gasoline locomotives 
vitiates the air considerably and it always takes some time for the men 
to become accustomed to the fumes. The mines must be kept well 
ventilated for good results. 

Concluding Remarks— The conclusions drawn regarding the life of the 
field seem to me to be slightly optimistic. I agree that there are still 
large areas remaining unexplored, but we do not know that these areas 
will prove as prolific in mines as those that have been prospected thor- 
oughly in the past. Very few sheet deposits have been discovered during 
the past two years, which fact is causing grave concern among the larger 
operators. This is a serious problem and there is no doubt in the minds of 
most managers that only better prices for zinc ore will stimulate prospect- 
ing and make possible the exploitation of large deposits of low-grade ore. 

The phenomenal rise in production during the past five years has been 
due almost entirely to high prices; and only high prices will spell a steady 
growth in production for the district. 

G. H. Cox, Rolla, Mo.— Practically all the ore of this district occurs 
in solution openings. Joints and crevices have controlled, to a consider- 
able extent, the positions of the orebodies, but the cavities have been 
formed by solution. 

It is generally assumed that thick oil rock is a favorable indication 
when searching for ore. The chief reasons for this are the facts that the 
oil-rock distribution coincides rather closely with the general mining 
district and the thickest oil rock is found in the central portion of the area 
where, in general, the mines have been the best. A careful investigation^ 
of the thickness and distribution of the oil rock showed that, other 
than as outlined above, the evidence was not favorable to this idea. 
If one will measure the total thickness of oil rock in a vertical section 
(omitting the beds of shale and limestone with which it may be inter- 
layered) at no place known to me will it exceed 5 ft. (1.5 m.) . The average 
thickness for the district is less than 1 ft. There are whole townships in 
the vicinity of Lancaster which are practically barren of ore, yet others 
near Highland, underlain by a less thickness of oil rock, are heavily 
mineralized. The thickness of the oil rock at Fennimore and at Dodge- 
ville is practically the same, yet little ore has been found near Fenni- 
more while the Dodgeville area has been a large producer. Many mines 
are underlain by thick oil rock and many are not. 

We are all interested in seeing the appKcation of theory to practice. 
There are some places here where ideas as to origin are of value in pros- 
pecting. Irrespective of the source of the ore, it must be admitted that it 

3 Made in Wisconsin for the Wisconsin Geological and Natural History Survey 
and in Illinois for the Illinois State Geological Survey. 
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was carried by surface waters in their downward or laterally moving 
courses. It therefore follows that prospecting is a search for water 
courses. 

Water courses are controlled chiefly by: (1) topography; (2) crevices 
or fissures; (3) the impervious clay and oil-rock beds; and (4) structural 
conditions. The topography causes surface concentrations of the water, 
the crevices furnish underground passageways, the impervious clay and 
oil rock limit the downward movement of the water, and the structure or 
dip determine largely the direction in which the underground water will 
attempt to move. At places crevices may be found by means of soil 
discoloration or by irregularities in topography and surface drainage. 
The dip may be found by actual measurement, by leveling, or by a study 
of the topography, for the latter is somewhat controlled by and expressive 
of the rock structure. 

The water in the Galena tends to flow down the dip into the oil-rock 
basins, then down the pitch of the basins to the point of outlet. In many 
cases, such as the old Empire and East End mines near Platteville, it 
seems apparent that the ore-bearing solutions have moved along crevices, 
changing from one to another whenever the latter permitted them to move 
more nearly in the direction of the local dip, then into a crevice parallel 
to the first when the cross crevice terminated. 

Wm. Kelly, Vulcan, Mich. — A topic that is of interest to all mining 
men is the proper amount to invest in the equipment of a property to 
accord with the character of the deposit and the value of the ore. Some 
30 or 35 years ago, the Calumet and Hecla Mining Co. spent large sums of 
money for hoisting engines of great efiiciency; some of these hoisting 
engines are operating today and are still efficient. In that case, the 
amount of ore hoisted by these machines has been very great and the 
cost per ton practically negligible. On the other hand, we all have to 
contend with the proposition as to what is the right amount to spend for 
equipment and the right method of operating. I have had to combat 
the proposition of tramming by electricity underground for the reason 
that our ore comes from many different shafts and several levels in each 
shaft, so that the amount that has to be handled on any one level does 
not, in my opinion, justify the expenditure necessary for an electric plant 
although electricity is used for all other purposes. 

In the West, I have seen installations of electrical hoists with motor- 
generator sets, where the quantity of ore hoisted per day is quite small. 
While the motor-generator set is efficient and effective under certain 
circumstances, it is not right to use it everywhere for all kinds of hoisting. 
It has its own province, to which it should be limited. So, in the zinc 
district of southern Wisconsin, it is undoubtedly proper, under the con- 
ditions, to follow the methods there in use, and he would be a rash man 
who would attempt to criticize or suggest something different. 

VOL. Lscni. — 16 . 
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Geoege S. Rice, Washington, D. C. — I am not famiKar with the 
later developments in the Wisconsin District but I was under the im- 
pression, from my experience in the earlier development of the zinc 
sulfide mining, that there was not sufficient vertical height in the ore- 
bodies connected with the “flats” and “pitches” to permit the possibility 
of using the “shrinkage stope” system. 

As concerns the mechanical loading machines referred to, I would 
like to ask what success has been attained in using these. At the present 
time the Bureau of Mines is making an inquiry in the various districts 
to determine how extensively and how successfully mechanical loaders 
are being used, the conditions surrounding their use, their efficiency, and 
cost per unit of ore handled in comparison with hand shoveling. 

The statement was made in the paper, in reference to the use of 
gasoline locomotives underground, that it required time for the men to 
become accustomed to the exhaust fumes from the locomotives. That 
raises the physiological question whether men can become accustomed to 
breathing either large or small percentages of carbon monoxide, such as 
are given off by internal-combustion engines. It has generally been 
found dangerous to use gasoline locomotives or hoists under ground unless 
there is a positive ventilating current, the amount of current being 
proportioned to the quantity that may be given off by the engines under 
the worst conditions of carburation. 

It has been contended that men may become accustomed to minute 
quantities of carbon monoxide in the atmosphere they are breathing. 
This is the subject of inquiry at the present time by the Bureau of Mines 
in investigations being conducted for certain state and municipal com- 
missions, in the planning of vehicular tunnels. Certainly large quanti- 
ties of carbon monoxide, over 0.2 per cent., could not be breathed with 
impunity under any circumstances. 

W. F. Bobhicke. — That statement was not meant to infer that the 
men could become used to the carbon monoxide; it meant that, under 
present labor conditions, the men often use any excuse to ask for a raise 
in pay or to make a little trouble; the author’s plan was to dilute the air. 
To dilute the fumes so that they will not be objectionable, he puts down 
a 6-in. hole and puts on a heavy pressure blow, not a suction. That di- 
lutes the air so that the current is carried underground up the shaft and 
the odor is not noticeable. His experience has been that when he puts 
a locomotive underground, during the first week or two, the men raise 
a lot of trouble, and in some cases, get sick. 

J. A. Edb, La Salle, lU. — ^I would like to say that the Whitcock & 
Manchur Co. used this plan with most excellent results. 1 am surprised 
that more companies do not use it. As far as the gasoline fumes are con- 
cerned, it depends very much on whether you are on the intake or on the 
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outlet of the air. If you are on the outlet, the fumes wiU not give any 
trouble. 

H. C. Geoege, Platteville, Wis. — It is generally coming to be acknowl- 
edged that, in the Wisconsin zinc district, the results secured from pros- 
pect drilling are not always conclusive as to whether or not an orebody 
has been developed. The company with which I have been associated 
for a number of years has followed the plan of thorough prospect drilling, 
by which method an approximation of the amount and grade of ore has 
been supposed to be arrived at. This policy has not always developed 
a minable orebody, when the results of prospect drilling would indicate 
the presence of one. Basing our estimates upon 70 per cent, recovery 
of the zinc and 60 per cent, recovery of the iron secured from assays of 
drill-hole sludgings, which is a fair estimate of what milling recoveries 
show from the ores mined, we have met conditions where actual recoveries 
from some types of orebodies have been as low as 50 per cent, of the zinc 
content and 25 per cent, of the iron content from the ore milled. 

This condition of low recovery in milling seems to be associated with 
orebodies that show uniform mineralization from top to bottom, indi- 
vidual sludgings from drill holes assaying, say, 4 to 7 per cent. zinc. Such 
orebodies are usually those that contain the mineral in a disseminated or 
sprangled form. Personally, I like to see a prospect drill hole show some 
sludgings that will run from 20 to 30 per cent, zinc, as then the orebody 
is usually of the t 3 rpical flat and pitch formation. 

There has been considerable criticism of the policy of some mining 
companies which, after securing several good prospect drill holes, sink 
a shaft without making any attempt to determine the extent of the ore- 
body. I am coming more and more to believe that such a policy may 
give better information regarding the nature of the orebody than more 
extensive initial prospect drilling. 

I recently made some tests on the sludgings secured from individual 
drill holes, in the horizon above the formation usually showing ore. I 
placed 15 lb. of zinc concentrates assaying 48 per cent, zinc and 9 per 
cent, iron in each of three drill holes, and then drilled 2 ft. and recovered 
the sludging. In the flrst hole, which was dry, the resulting sludging 
assayed 10.6 per cent, zinc and 2.9 per cent, iron; in the second hole, 
which had a little water, the resultmg sludgmg assayed 8.9 per cent, 
zinc and 2.1 per cent, iron; and in the third hole, which had strong water, 
the resulting sludging assayed 6.9 per cent, zinc and 2.0 per cent. iron. 
These variations in recovery of known qualities of zinc, taken in ctin- 
nection with the numerous variations in the occurrence of the mineral in 
the orebody, would indicate that a shaft with development drifts should 
test the orebody before a costly mining and milling equipment is installed, 
no matter how thoroughly the orebody may have been drilled. 
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Mineral Resources of the La Salle District 

BT J. A. EBE, LA SALLE, ILL. 

(Chicago Meeting, September, 1919) 

The object of the writer is to call attention to a rather unique aggre- 
gation of economic products distributed over a line of succeeding forma- 
tions about 3 mi. long, to be seen within a few miles of La Salle, 111. 

Pig. 1 is an ideal section of the stratification exposed and exploited 
along a distance of 33^ mi. in a southwesterly direction from the quarry 
of the Utica Hydraulic Cement Co. located near the historic site of 
Kaskaskia village to the Oglesby shaft at Oglesby. No attempt has been 
made to cover the whole field, special mention only being made (with the 
exception of two places) of the operations found along the course or 
parallel to the direction assumed in the ideal section. I have used 
Fig. 2, after J. R. Bent and De Witt Kelly, to locate the relation of the 
La Salle anticline to the coal mines of this district and to show the opera- 
tion of No. 1 and 3 mines of the Illinois Zinc Co. 


Anticline anb the Rock Fobmations 

Owing to the structural deformation between La Salle and Utica, 
the older rocks of the state are exposed to the surface along the northern 
embankment and the bottoms of the Illinois River valley near the latter 
place. At the Illinois Zinc Co. works. Sec. 16, Tp. 33, R 1, a well for 
water was sunk 1828 ft. and samples taken every 10 ft. of the ground 
penetrated; duplicates were sent to Mr. Cady of the Illinois Geological 
Survey. A general compilation or synopsis study of this section is here 
presented. As the well is over 1 mi. west of the Western limb of the 
anticline, the section affords some reliable data. These samples were 
studied and interpreted by H. M. DuBois as Lower Magnesian, and by 
G. H. Cady as the Lower Magnesian. The results are given in Pig. 3. 

The most interesting geological feature of this district is the La Salle 
anticline. In 1866, Leo les Quereux, looking at Split Rock, asked how 
it happened that the upper coal measures overlie strata of the Lower 
Silurian and what has become of the formations which are generally 
found intermediate — ^the Upper Silurian, the Devonian and sub-Carbon- 
iferous, and the lower member of the coal measures? 



J. A. EDE 


245 



Fig. 1. — La Salle Anticline. Ideal section fob 3.2 miles along La Salle mining field. 
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Fig. 2. — ^La Salle region. 
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System 1 

Series 


Formation 


Quaternary. , 

j 

j Alluvium, silt and sand. 

72 

72 



1 

i 





Shale gray to drab with some 
limestone. 

86 


i 







Shale black fissile. 

12 


0 

1 




McLeansboro and 

Shale gray to drab (sandy). 

78 


1 

o 





Carbondale 

Formations 

Shale black fissile. 

12 


T3 

ff 

ei 


to 

1 

1 

a 

e3 

'3 




Limestone, gray, argillaceous. 

3 


1 


1 




Shale gray with coal. 

70 




1 

Ph 




Coal No. 2 with some shale. 

8 

341 

O 







Fireclay. 

6 






Pottsville formation 
unconformity 

Shale black to grayish black. 

17 


cS 



• 

Sandstone gray medium sized 
grains. 

6 


c 

0 







Shale greenish gray with coal. 

50 

420 



Devonian? 
or Silurian. 


9 

Shale, gray, calcareous, with 
some brown shale. Pre-Penn- 
sylvanian. 

151 

671 



Silurian. 


Niagara dolomite 
unconformity. 

Limestone, dolomitio or white 
dolomite. 


812 




Upper Or- 
1 dovician. 

Maquoketa shale 
unconformity. 

Shale, gray to drab dolomitic. 

164 

976 




Middle 

Ordo- 

vician. 

Galena dolomite and 
Platteville lime- 
stone unconformity. 

Dolomite, straw color to tan, 
finely crystalline. 

Deer Park portal to canyon. 

GO 

CO 

1363 

Lime- 

stone 


j 


St. Peters sand- 
stone unconformity. 

Sandstone, white rounded 
grains, fine to coarse. 

Starved rock. 

126 

1488 

Glass 

Foundry 

Molding 

Sand. 


1 

d 

1 

■p 

o 




Shale green quartz sand with 
gray, dolomitic limestone. 

12 




1 

d 

d 

1 


White, calcareous sandstone. 

11 





• 1 

1 

1 

CD 

CD 


Dolomite white to brown 
arenaceous. 

163 

1674 


■ 


o 

& 

1 

.§ 

at 

St 

New Rich- 
mond. 
Sandstone 
member. 

Sand, colorless, quartz, rounded 
dolomite, white, with a little 
sand. 134-3—3. 

140 

1814 


1 




Oneota 

dolomite. 

Chert, white, with gray and 
white dolomite. 

14 

1828 




Fio. 3. 
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In 1916, Carl Ortwin Sauer, ^ referring to the same subject, writes: 

The first great recorded growth of the La Salle anticline occurred after the de- 
position of the Platteville, and before the formation of the coal measures as shown by 
the contrasted dip of these formations. Deformation may have begun in the middle 
Ordovician period even during the Platteville epoch. The bowing up of the anti- 
cline was very slow * * * the arching may have elevated the older rocks above sea 
level, and exposed them again to erosion, at the same time that sediments were 
accumulating around ‘the deformed areas, this would account for the absence in the 
anticline of beds intermediate between the Platteville Galena formation and the coal 
measures. * * * After the close of the period deformation affected the central 
area and again along practically the same axis as before, the beds were again folded, 
but not so severely as in post Platteville time. Perhaps this folding was a minor ex- 
pression of the great movements that were then taking place in many parts of the 
earth, as in the Appalachian region, and which brought the Paleozoic, with its ancient 
form of life, to a close. With this uplift the history of marine deposition in this region 
closes. The great interior sea withdrew permanently and the later history deals with 
processes that shape land surface and not with the beat of ocean waves. 

The La Salle anticline was not all developed at one time. The folding consisted 
of several movements extending through long periods of time which did not cease 
finally until long after the first beds were deformed. The Prairie du Chien shows 
beds which have been deformed more than any later ones. These beds and other 
rather indefinite data suggest the possibility of a first deformation after the deposition 
of the Prairie du Chien limestone. There is positive evidence of deformation between 
the Platteville Galena limestone epoch and the beginning of the '*coal measures’' 
period. During this interval the first great bowing up of the strata occurred. At 
the close of the coal measures period the beds were again deformed. These two great 
periods of deformation find confirmation in many places along the western flank of 
the fold. In many places the Platteville and older formations show dips of 30°, 32° 
and 40° and directly overlying them are the carboniferous beds having a dip of less 
than 20° and commonly less than 15°.^ 

Effect of Anticline on Mining 

In 1900, the Illinois Zinc Co. opened a coal mine operated through a 
slope on the western, limits of this anticline. The coal has been mined 
from a point about 2570 ft. (783 m.) from the axis, to where the dip is 
disappearing to conform with the normal inclination of the third vein 
and No. 2 seam of coal, a distance of 3263 ft. These measurements were 
along the course of the slope N. 60® W. and together measure 5833 ft. 
Fig. 4 is a section along which the mining operations referred to were 
extended. Owing to the seam inclining in some places along the dips at 
an angle of Sljf®, a special method had to be adopted to mine the coal 
from this mine. This will be the subject of another paper; this paper 
will be confined to some of the unusual conditions prevailing along that 
part of the anticline covered by the mining operations, which may be of 
interest to those interested in the geology of the La Salle anticline. 


* Illinois Geol. Survey BulL 27, 48. 


1 minois Geol. Survey BulL 27, 50. 
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CoaL — The seam is that of No. 2, better known in this district as the 
third vein. It varies in thickness along the extension of the slope from 
2 ft. 6 in. (0.7 m.) to 5 ft. 8 in. (1.6 m.), both these measurements are 
exceptional, the average being between 3 ft. 2 in. and 3 ft. 4 in. and in 
some places 3 ft. 6 in. The hardness and general structure varied con- 
siderably as the mining progressed along the limb of the anticline, the 
coal in places being very hard with a conchoidal structure. The 
miners named it '^curty coal.’^ It used to cause considerable annoy- 
ance to the factory hands who had some difficulty in breaking it, to 
accommodate the producer. In order to extract the coal, blasting was 
necessary. The soft bottom was, however, equally responsible for 
having to use powder for this purpose. Its toughness or tenacity ap- 
peared to conform with the change of dip of the stratification, there being 
no uniform graduation from hard curly coal to bituminous normal; there 
is, however, some evidence of the hardening of the formation as it ap- 
proaches the axis of the anticline. 

There was observed some difference in the analysis but it failed to indi- 
cate any regular graduation in the constituents of the coal. The following 
analysis was made by Messrs. McCormack & Co., Armour Institute, 
Chicago : 


No. 

Mois- 

ture, 

Per 

Cent. 

Fixed 

Carbon, 

Per 

Cent. 

Volatile 

Combus- 

tible 

Matter, 

Per 

Cent. 

Calcium 

Oxide, 

Per 

Cent. 

Ash, 

Per 

Cent. 

Sulfur, 

Per 

Cent. 

B.t.u. 


1 

16.0 

36.81 

45.79 

2.18 

13.30 

4.10 

12,155 i 

Moisture as recorded. 

2 

16.63 

41,52 

41.56 

2.65 

11.42 

5.40 

12,256 

f Moisture as recorded. 

\ Analysis dry sample. 

3 

13.15 

30.79 

43.97 

2.12 

11.38 

3.85 

12,472 

Analysis dry sample. 

4 

5 

6 

14.0 

16.5 

11.8 



2.40 

0.85 

1.35 

10.89 

8.45 

14.71 

.... 


f Moisture as recorded. 

\ Ash or dry coal. 

Ash or dry coal. 

Ash or dry coal. 


More lime was found in the normal field west of La Salle than in any of 
the coal analyzed on the hmb of the anticline. 

Concretions , — Interbedded with coal, in some places displacing the 
coal entirely, immense concretions occur within a distance of 2000 ft. 
(609 m.) from the axis. In an area of an acre twenty-three were en- 
countered averaging 3.6 by 12 by 20 ft. (1 by 3.6 by 6 m.). A modified 
room-and-pillar method was adopted to mine the coal where they 
occurred. 

Clay , — The clay under No. 2 seam of this district is termed the 
^'mining.^^ It varies in thickness between 6 in. to .18 in. and 3 ft.; in 
exceptional places it is considerably more, but the average thickness is 
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from 6 to 8 in. On the west limb of the anticline, the thickness was no 
where less than 4 ft. In the. sumps sunk in different parts of the naine, 
the bottom of the clay was not reached at a depth of 8 ft.; when the bot- 
tom of the steep part of the incline finished, however, the clay appeared 
in the form prevailing in the longwall field, that is, from 6 to 8 in., in- 
creasing in some places to a greater thickness. This clay is the same as 
the well-known clay of Deer Park and Ottawa. From this location, the 
clay to the east retains an abnormal thickness, in some places being 
IS ft. and over. 

To the north of the slope an attempt was made to go through the 
upper clay where it was not very thick. Underneath the clay, fornung 
the floor of No. 2 seam, there was a bed of sand about 10 in. thick, 
and below it boulders of very heavy, highly ferruginous limestone 
followed by clay, probably the equivalent of the Cheltenham; the depth 
of this was not ascertained. 


Roof op Coal 

The character of the soapstone (argillaceous shale) shows considerable 
stress lines with slips and the draw slate is much more irregular than that 
found in the field where normal conditions exist. The greatest dip 
observed was 6lK°. It was along this maximum dip we introduced our 
pand system. The inclination along the dip is shown in section. 
Fig. 5, commencing near the axis of the anticline where a drill hole showed 
the coal at 65 ft. (19.8 m.) from surface. Another drill hole 570 ft. 
along the dip showed an inclination of 5.3 per cent. 

Description op Natural Products 

The rock formations are shown in order in Fig. 3. Their economic 
products are described in the following pages in ascending order. 
Overlying the hydraulic cement rocks (Oneota and Shakopee dolomite) 
lies the Ottawa and Utica glass and molding sand in the St. Peter sand- 
stone; it is exposed along the bluffs of the Illinois river and mined in 
numerous quarries between Utica and Ottawa. 

Above the sandstone are the clays mined at Deer Park, Utica, and 
Ottawa and also those clays below the base of the Carbondale at Deer 
Park presumed to be the Cheltenham equivalent. Above the clays. No. 
2 seam of coal crops to tlie surface and is mined at Black Hollow (Illinois 
Zinc Co. No. 1 Mine) ; it is succeeded in the bluff by other seams of coal. 

Some distance above No. 7 seam, the Portland cement rocks of the 
Marquette Cement Mfg. Co., Lehigh Portland Cement, and La Salle 
Portland Cement Co. are mined and quarried. Above the limestone, 
profitable gravel pits are quarried, some of the product being used for 
local purposes; and others, fuUy equipped with modern appliances, 
supply an extensive railroad business. 



A.* 


251 


These successive layers of economic products are capped by a fertile 
black prairie soil. During the war Mr. Stevens, food administrator for- 
La Salle County, compiled the following values as the production of 
La Salle County, which are published with his permission. There was 
produced: 


Wheat, 391,079 bushels, at $2.00 per bushel $782, 158 . 00 

Oats, 6,535,142 bushels, at $0.70 per bushel 4,674,599.40 

Rye, 39,241 bushels, at $1.80 per bushel ‘ 70,633.80 

Barley, 126,003 bushels, at $1.60 per bushel 201,604.80 

Cattle, 52,624 head, at $100.00 per head 5,262,400,00 

Hogs, 102,454 head, at $30.00 per head 3,073,620.00 

For horses, poultry, bees, garden and fruit (estimated) . 4,892,022 . 00 
For com (estimated) '• 25,000,000 . 00 


Total $43,857,038.00 


XJticcL Hydraulic Cement Rochj Shakopee and Oneota Dolomite 
Production (1918), 60,000 Bbl. 

The Utica hydraulic cement • has been in constant use since 1838. 
The dams on the canal between La Salle and Chicago were built with it. 
The annual output at one time exceeded 600,000 bbl. according to Mr. 
Norman Cary, formerly president of the company. The price varied 
from 25 to 31c. per barrel but some was sold for 18c; labor could be pro- 
cured at the time for 11.25 and $1.50 per day. Two beds of the cement rock 
were selected for operating, the rock was mined on the room-and-pillar 
system. Mr. Preuss, who had charge of the operations, says that the 
rooms were 35 ft. (10.6 m.) wide with a 10-ft. pillar. The height of the 
bed was about 7 ft. Mining drilling machines were used. The cost per 
yard for excavating is given at from 53 to 60 c. per cu. yd. at that time. 

The modus operand! is very simple from the mine to the producer, 
but it requires skilled attendants at the mill to secure the best results. 
The rock contains a mixture of lime, silica, alumina, and iron oxide. Dur- 
ing the burning process, the carbon dioxide of the limestone is almost 
entirely driven off and the lime combines with the silica, alumina and 
iron oxide, forming a mass containing silicates, aluminates, and ferrites 
of lime. The powder produced by grinding the mass is natural cement. 
The process is something as follows : 

When starting up, the kilns, which are oblong brick kilns enclosed 
within an iron casing with a cubical contents of 2100 cu. ft. (58.8 cu. m.), 
are charged heavily with kindling wood. They are then covered with 
a charge of rock and coal slack, in the proportion of 7 per cent, slack to 
93 per cent. rock. This charge is lighted and allowed to burn from 10 to 
14 days. On the fourteenth day, cement is drawn in small quantity 
and on the fifteenth day the normal discharge is acquired. From the 
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kilns, the burnt cement rock is conveyed to a Gates crusher where it is 
crushed to egg size. It is then passed through a Schmitt ball-mill, 
thence, through a tube-mill, after which it is ready for packing, which at 
the Utica plant is accomplished by an automatic apparatus. The natu- 
ral cement rock presents the lowest geological formation of this dis- 
trict. It is quite possible that this class of cement will again be called 
to fulfill an industrial demand; when this time comes nature has provided 
here an economical source of supply. 

At the present time the cement rock is obtained by quarrying. Ow- 
ing to the declination of the eastern limb of the La Salle anticline the 
limestone observed on the north side of the Illinois bluff is found on the 
bottom lands, and the cement bed, mined by an adit level at the former 
location, is beneath the surface between the Black Ball mill and Utica 
bridge. 

Glass, Molding Sand, and Ground Quartz St Peter Sandstone 

Production, 1,823,803 tons; valuation, $1,572,537, including small production of glacial 

sand and gravel 

Between Utica and Ottawa there are in operation over twenty sand 
quarries. The sand occupies both bluffs of the valley, the stratification 
gradually descending east of the level of the valley until at Ottawa it is 
quarried below the surface level. ''The manufacture of glass and brick 
and tile depends on the local supply of glass sand of the St. Peter’s forma- 
tion. The glass sandstone is soft, of even texture and may be worked 
with great ease in many places with pick and shovel; (6) the sand is of the 
highest quality for the manufacture of glass, being almost pure silica free 
from loam (c) with one exception this is the only commercial outcrop of 
this sand in Illinois; (d) the sandstone occurs in bluffs along the railroad 
lines that follow the Illinois and Fox valleys and is loaded directly from 
the pits into the cars.”^ The standard Ottawa sand for testing purposes 
comes from this locality. 

The sand varies in thickness from 140 to 200 ft. (42 to 61 m.) and is 
classified, by E. J. Reynolds Sand Co., in the following order, from the 
top down. 

Surface, burden, gravel varying from 6 ft. to 18 ft. 

60 ft., steel casting sand oxidized, sand. 

12 ft., furnace sand, stands more heat than top sand. 

5 ft., welding sand, clean bed of sand. 

63 ft., mixed sand. 

These measurements are an arbitrary selection to facilitate regular 
shipment for this particular bank. 

The upper bed of the "Lower Magnesian” limestone occurs beneath 
« Sauer: Illinois Geol. Survey Bvlt 27, 191. 
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the base of the sand and is reported to be very hard, for 3 ft. containing 
potassium. I presume the bed is the same as that studied by Du Bois. 
and Cady, as Sample 171 of the Illinois Zinc Co., 4 ft. of which is 
shown in “Little greenish shale; much colorless rounded grains of quartz; 
much gray vitreous, semi-crystalline dolomitic limestone; little white 
chalky colored limestone. ” The analysis shows the sand to be of a very 
fine quality when fully prepared for market, selected samples giving 
silica, 99.576 per cent.; alumina, 0.283 per cent.; iron oxide, 0.0903 per 
cent.; lime, 0.0197 per cent.; magnesia, 0.002 per cent. About a mile 
to the east, an attempt was made to mine the sand; and at Ottawa the 
operation is that of underhand stoping and pumping. The stripping 
costs from 52 to 85 c. per yd. The face of the Reynolds bank is blasted 
down with dynamite. The holes are placed about 30 ft. (9 m.) apart and 
50 ft. deep; 1400 lb. of powder generally displace 200 cars of sand, or 
about 8000 tons under favorable conditions. Most of the banks send 
the sand to market without any preparation, but a few wash it. 

In one quarry where water under a pressure of 150 to 220 lb. is used, 
the sand is carried with the water to a grizzly perforated with ^-in. 
(12.7-mm.) holes after which it is forced, by a Worthington pump, to 
an altitude of 30 ft. (9 m.) from which elevation it flows to the mill a 
distance of about 500 ft. It again passes a grizzly and is flushed before 
it is pumped by a Knowles sand pump to the settling tanks, from which 
it is passed through a rotary drying kiln and stocked or sent directly 
to market as prepared sand. 

Clay, Brick and Tile, Pottsville and Cariondale Formation 

Raw clay prodiiction, 122,994 tons, valuation, $193,352; clay products valuation, 

$1,628,323 

In the base of the Pottsville formation there are two prominent clay 
beds mined and worked open cast. The upper bed which has been 
worked very extensively between La Salle and Ottawa, indicates the top 
of the PottsviUe. The lower occupies, at Deer Park, see Fig. 4, an uncon- 
formable position at the top of the Galena Dolomite. This bed has been 
recognized as the equivalent of the Cheltenham clay of St. Louis. The 
Utica clay property is located in Sec. 20 Tp. 33 R. 2. The bed varies 
in thickness from 4 ft. (1.2 m.) to 15 ft. The clay is dumped into a chute 
on the side of the escarpment, forming the south side of the Illinois VaUey 
and conveyed to the works at Utica, a distance of 2 mi. by a small tram- 
way. At Utica, the company owns and operates eight loins of the down- 
draft type. At Ottawa the same clay bed is operated on a much larger 
scale by the Chicago Retort and Firebrick Co. 

The bed of the Illinois Clay Products Co. is near Oglesby, on the C. 
B. & Q. R. R., within K mi. of the entrance of Deer Park Canyon. It 
is located where the Pottsville has a vertical section of not over 20 ft. 
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directly above the top of the Galena formation. The upper seam is 
being mined in a modified room-and-pillar system. Mr. S. 0. Andros, 
describing the operations, states that the mine is operated by driving two 
parallel main entries 6 ft. (1.8 m.) high and 8 ft. (2.4 m.) wide directly 
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under the coal, leaving the coal as a roof. These entries are 60 ft. apart. 
At 60*ft. intervals along the main entries cross-entries are driven at such 
angles with the main entries that the grade for mule hauling is easy. 
This angle is usually 45° at intervals, 60-ft. panel entries are driven 
parallel to the main entry, the 60-ft. pillars are left for roof support 



and the clays taken only from the face of the entries as they advance. 
The clay is mined by blasting with 40 per cent, dynamite. The output 
of the mine is about 300 tons per day; during the last 6 years about 250,000 
tons of clay has been mined at an approximate value of $500,000. 
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The clay is fed into an Clearfield dry pan grinder, the weight of 

which is 53,000 lb. Two crusher rolls, weighing 8500 lb. each, are revolved 
by a pinion and crown overhead drive in a pan having slotted plates for 
the bottom; these slots are % in. wide. The material coming in is guided 
directly under the rolls and as it becomes sufficiently ground it escapes 
through the slots. The ground material is kept from accumulating by 
means of the scrapers attached to the pan bottom which, as they revolve 



with the bottom, sweep the dust round to an opening in the flooring 
through which it drops to a bucket elevator, which carries it to Newaygo 
screens that reduce the rough powder to 20 mesh. The finished product 
is carried over the river to the C. B. & Q. R. R. by a two-bucket, Leschen 
& Co. aerial tram; each bucket holds 1600 lb. The tram line requires only 
10 hp, and handles 40 tons per hour. The power installation consists 
of a Kewanee boiler of 150 hp, and a 150-hp, Corliss Filer StowsR mrgine. 

Under the No. 7 coal and afedve-ttie lia SaUe quarry lime^dfle; now 
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better known as the Portland cement rocks, some very useful clay and 
commercial shale has been mined and manufactured by the La Salle 
Pressed Brick Co. The clay under the No. 7 seam of coal was worked 
room and piUar, at the lUinois Zinc Co.’s Mine No. 2. The rooms were 
16 ft. (4.8 m.) wide leaving a 16-ft. pillar. The coal was first nuned in 
the room and the clay was taken out when the room had reached its pre- 
scribed length. The 16-ft. pillar and clay were then attacked and re- 
moved to within about 18 ft. of the entry. A pillar of 18'ft. was left each 
side of the entry until it had reached its limit after which it was also ex- 
tracted together with the coal. The cost of mining and operative expense 
was 30 to 50 c. per ton for clay, and |1 per ton for coal. The current 
selling price at the time was 50 to 75 c. for clay, and $1.10 to $1.50 for 
coal. Fig. 6 is a horizontal map of the method described. 

The upper clays, representing the upper series of the McLeansboro 
shales, are mined between La Salle and Peru by the La Salle Pressed 
Brick Co. The bed is about 30 ft. thick. Twenty-five men are em- 
ployed with a daily output of about 50 tons when the pit is worked to 
its capacity. 

The following are some of the principal clay concerns of this locality j 
Chicago Retort & Firebrick Co., La Salle Pressed Brick Co., Ottawa 
National Fireproofing Co., lUinois Clay Products Co., Herrick Clay & 
Sand Co., Barr Clay Co., Utica Firebrick Co., Streator Clay Co., Michael 
Gorman, Streator Brick Co., Lowell Stoneware Co., Streator Drain Tile 
Co. Special mention is made of these clays in Bulletin No. 30 of the 
111. Geo. Sur., page 63, with analyses and their heat. behavior. 

Carbondale and McLeansboro Formations 
Production, 1 , 151,156 ions; valuation ( 1917 ), $ 2 , 824 , 317 . 

The coal mined in the vicinity of La Salle is principally from No. 2 
seam, known by the trade as the third vein coal. No. 5 is worked at the 
Mathiessen and Hegeler and for some years No. 7 was worked in con- 
junction with the clay underneath it at the Illinois Zinc Co. No. 2 mine. 
No. 2 seam is worked on the longwall system. Nos. 5 and 7 on the room- 
and-piUar system. 

Longwall Mining . — The system is so well known and has been so 
aptly described in repeated bulletins of the CoSperative Mining Investiga- 
tions of Illinois that there is nothing that can be said that has not been 
covered in one or another of these bulletins. 

Fig. 7 is a typical map of a longwall mine as worked in this district. 
The coal is found at a depth varying between 360 and 564 ft. (109 to 
171 m.). The seam of coal averages 3 ft. (0.9 m.) to 3 ft. 3 in. The 
strata above the coal, or roof, consists of 18 ft. of an argillaceous shale 
overlaid by 3 ft. of a dark carbonaceous slate, called the “black slate.” 
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During a fire at Spring Valley, this slate caught fire and was very difficult 
to extinguish. Immediately above the coal, there appears a small bed 
of slate that the miners name the draw slate. This varies in thickness 
from a few inches to a foot or more, and is a bone of contention between 
the manager and the miner. At times it falls down and mixes with the 
coal, and the miner is docked, that is, fined for sending up dirty coal. 

Underneaththe coal there is asmallbedof clayfromfiin.to 18 in. thick, 
in occasional spots 4 ft. deep, varying in density or texture from a medium 
soft material to a hard substance that the miner cannot bring out with 
his pick. In the latter case it is named ^'forced mining.^ ' The floor of the 
coal is not even; the clay exhibits an irregular contact with the bottom 



of the coal. In one room, the mining may be 6 in., in the adjoining 
room 18 in.*; when it is 18 in. we have again ^'forced mining. '' 

The coal seam, in exceptional places, becomes very thin. When 
the seam is reduced under 3 ft. with rolls, the term deficient mining is 
applicable. Occasionally the roof becomes full of slips or a boulder 
interferes with the capacity of the room; excessive bands of sulfur are 
commonly met with; all these conditions call for an adjustment and 
no day passes but some miner has a case for adjustment. 

Longwall mining presumes the extraction of almost all the coal from a 
^ven area, excluding the pillar left at the bottom of the shaft, which in 
this loeality is from 300 to 600 sq. ft. There are places where no coal is 
left at the bottom of the shaft. The form of longwall mining adopted 

TQL. 1^111.^17. 
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in this district is to extend the face of the coal in the form of a circle until- 
the limi t of the area to be extracted has been reached. The face of the 
coal is approached and maintained by a series of entries and rooms diverg- 
ing from one another at an angle of 45° in the form shown in Fig. 8. The 
main entries are the passages for the aggregate haulage of the coal and 
trajEc. All the coal from the side entries is brought into the main entries. 

Side entries are driven from the main entries at a distance of 225 ft. 
apart diverging at an angle of 45° to the right or left. Along the side 
entries, every 59.4 ft., rooms are driven that diverge from the course of 
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FiOi 8 . — Arsangbment op entries and hoops. 


the side entry, to the right or left. If the side entry is to the right of the 
main entry, the room wUl be turned to the left, if the side entry is driven 
to the left of the main entry, the room will be driven to the right. This 
arrangement of main entries, side entries, and rooms presents a fan form 
appearance, and in their extension east and west and north and south 
from the bottom of the shaft the face of the coal is supposed to form a 
circle, but Fig. 7 shows how far from circular the face may actually be. 
The working faces, which may be main entries, side entries, or rooms, 
are placed 42 ft. apart. This is the working place of the miner; eacJ 
place is supposed to be occupied by two men. 
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It has been found that taking down 2 ft. of the roof and removing the 
clay from under the seam affords suflS.cient material to pack a substantial 
gob from march to march, which is about 42 ft. The term ‘^march” 
denotes the division line between the working places of the miner, that 
is between the rooms. The roadways are not packed. 

The miner is paid $1.13 per ton run of mine for all coal taken out. 
In the working of his room, he is expected to take down 2 ft. of the roof 
above the coal and build on each side of his road head, or working face, a 
wall extending 12 ft. With his room in this form, having a substantial 
building 12 ft. on each side and the rest of his room filled in with clay and 
refuse reenforced with props of timber arranged to support every evidence 
of weakness in the roof- at any part of his allotted working face, he is pre- 
pared to undermine the coal ahead of him and to accommodate the weight 
of the strata above, on which he relies for the breaking down of his coal. 
In this operation he brings into play a skill that can only be acquired 
after a long experience. The coal has to be undermined from 2 to 3 ft., 
and his use of the pick for this purpose and judgment in securing his 
room shows his proficiency. 

The output per man is from 2^^ to 5 tons, tons to 3 tons per man 
being about the average; where that tonnage is exceeded, the conditions 
are unusually favorable. The mining prices paid about the mine for 
1918 are as follow: 


Inside Pbicbs 


Timbermen. 

Tracklayer 

Drivers 

Timbermen helper 

Trapper 

Mine examiner 

Motor man 

Yardage 

Cogs 


$5.00 per day 
5.00 per day 
5.00 per day 

4 . 75 per day 

2 . 75 per day 
5 . 64 per day 
5 . 15 per day 

1.61 per yard for 
closed places 
10 . 52 including brush- 
ing branch 


. Outside Peices 

Gager $5.00 per day 

Cager helper 4.75 per day 

Mule feeder. 4.75 per day 

Coal dumpers 4.36 per day 

Teamster 4.36 per day 

Firemen 4.75 per day 

Blacksmith 6.00 per day 

Engineer class A 165 . 00 per month 

Engineer class B 149 . 00 per month 


The air problem is solved by forcing or exhausting the air of the mine 
along selected entries in quantities prescribed by the state, which is 100 cu. 
ft. per min. for every man and 500 cu. ft. per min. for mules. The air, 
after being forced to the face, is split and returned along the face imtil 
it accommodates 100 men, after which it is conducted into the return air- 
courses and thence to the surface. A split is presumed to be made for 
places occupied by 100 men. The problem of ventilating some of the 
old mines of this field taxes the ingenuity of the mine manager. 

The timbering of a coal mine is essentially the same as the timbering 
of a metalliferous mine, only not so complicated. Cogs and “roof props ” 
are more conspicuous in a coal mine. In turning a room, cogs are used 
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for supporting the entrance and props are used wherever the roof shows 
any weakness; It is the business of the manager and the miner to observe 
closely his roof. 

Very little change has taken place in the treatment of the coal at 
the surface since the writer described the method used at Spring Valley.^ 
Since the introduction of the mechanical stoker in the industrial plants, 
there is a greater demand for crushed coal and a crusher has been added 
to some of the plants. In some of the mines of the adjoining district, the 
coal is washed; and during the war, for the purpose of conserving the 
sulfur, preliminary provision was under way in this district to save that 
now going to waste. Mr. Holbrook of the Bureau of Mines brought 
this matter forward; and there is no doubt that the sulfur bands mixed 
with the coal seam will in time be done away with. 

It is, I believe, through the investigation of Messrs. Hazen, Swift, 
Bent, Conners, Smith and other men prominent in the coal industry 
of this district, that coal-cutting machines were introduced here. Until 
recently they were installed in all the prominent mines and are still being 
operated in restricted numbers in most of the mines, with alternating 
or direct current. The machines at La Salle are the Sullivan C. H. 
Regardless of the fact that experience in this district has shown that, 
with the present price paid the miner for machine work, the cost of 
mining coal is considerably above that of pick mining, negotiations 
are pending between the operators and miners for the purpose of formulat- 
ing a more equitable adjustment of the differential between pick mining 
and coal-cutting machines. In considering coal-cutting machines, it 
should be borne in mind that the price paid for undermining of the coal 
is only one factor in the equation. The following should be considered: 
The differential between pick mining and machine mining, replacement of 
man power, rock distribution, regulation of face of coal, and increased 
output. 

Differential Between Pick Mining and Machine Mining. — ^The price 
of pick minin g in this district is 11.13 per ton, as agreed between the Coal 
Operators’ Association and the United Mine Workers of America. The 
price for machine mining is 72 c. per ton for loading; 14 c. per ton for 
cutting, the company to pay for the brushing and other cost. 

Replacement of Man Power. — There was striking evidence of the need 
of a substitute to replace men during the war; at one time the men were 
leaving almost every day for more remunerative fields in the south. 
During the last 20 years, a radical change has taken place in the personnel 
of the coal miner of this field. The following is a classification of the 
nationality of the miners who worked in Black Hollow mine, June 1, 1901 
and Mar. 1, 1919. 


* Tram. ( 1900 ) 29 , 187 . 
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Nation A-LiTiBS 


1901 


Numbeb 


American 16 

Welsh 4 

English 22 

Scotch 6 

Irish 1 

Swedish 2 


96 per cent. Americans or natives of British Isles. 


Peb Cent. 

31 

8 

43 

12 

2 

4 


1919 

Nationalities 


Number 


Per Cent. 


American 18 19 

English 1 1 

Swedish 4 4 

Scotch 2 2 

Polish 4 4 

Lithuanian 12 13 

Belgian 22 24 

Austrian 21 23 

Italian 9 10 


22 per cent. Americans or natives of the British Isles; 78 per cent, other 
nationalities. 


There are not in this district the number of expert longwall miners 
there were in 1901; these miners have moved to districts where they can 
earn more money. A few, however, remain and their daily performance 
emphasizes very strongly the loss to the commuioity of those who have 
migrated to other fields. A longwall miner cannot be educated to his 
work in a day. His skill is enhanced by his heredity. A really expert 
longwall miner, that is, a man who knows how to cut his coal, build his 
road, secure his top, and fill his gob to the best advantage must have 
muscles specially adapted and a sensitive intuition of his environments. 
To the operator it is a matter of profit or loss whether his mine is worked 
by such miners or simply by novices. 

These qualifications of a miner for longwall work are given because 
it is in the absence of such men that we find compensation for the coal- 
cutting machine. The value between the expert longwall miner and one 
just used to dig coal is minimized considerably by the introduction of the 
machine. The machine cuts the coal and much of the intuitive knowl- 
edge of the miner in this particular performance is necessarily not 
so essential. There appears, however, in this change of method a 
demand for a more technical and mechanical mind, an intelligence that 
presents a useful field for the employment of vocational training. It is 
necessary to have strong men to load the coal and competent brushers 
to break down the rock and keep the rooms in working order. As 
stated, coal noiners are naigratory and often leave when the need for them 
is most mgent; the coal-cutting machine costs comparatively nothing 
while idle but when needed replaces a large number of men. The em- 
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ployment of machinery in the excavation of coal corresponds with the 
trend of events in other departments of industry where machinery re- 
places manual labor and these machines have come to stay in the long- 
wall mines. 

Rock Distribution . — stranger visiting this field and not familiar 
with the modus operandi^’ of a longwall coal mine is curious to know 
what are the pyramidical mounds that dot the surface of this district. 
The mounds are rock taken from the mine for which no value, up to the 
present, has been found and represent a dead cost to the operator. The 
amount of rock taken from different mines varies, depending on the 
character of the roof and the seams of the coal. An ideal longwall 
method assumes that sufficient space is left after mining the coal to com- 
pensate for all the rock taken out as brushing together with the clay 
(called mining). Owing, however, to quite a number of reasons such a 
condition is seldom attained. Owing to a deficiency in the seam, such 
as an abnormal thickness of clay at the bottom of the seam, forced or 
deep mining conditions in the roof cause more rock to come down while 
brushing than is desirable. Falls on the entiies, development work in 
the solid in the way of improvement or maintenance, and caved rooms 
furnish more rock than can be accommodated under ground. 

From data furnished by some of our mines the amount of waste 
taken to the surface is reduced one-half where machines are employed. 
The amount of rock taken out varies in different mines. In some it is as 
high as 30 per cent, of the coal output, in others 15 per cent., and in others 
10 per cent. Where the roof is exceptionally good, it is 5 per cent. 

Regulation of Face of Coal . — The method adopted in this district for 
mining the coal is called 'longwall advancing. It is modified at No. 1 
and No. 3 mines of the Illinois Zinc Co., to overcome structural condi- 
tions and to accommodate the demand of the zinc plant. It is the 
ambition of the mine manager to keep the circle of the face of his coal 
with its radius and coordinates as uniform and symmetrical as possible; 
in practice this is not accomplished. 

When the coal face is irregular with humps, elbows, and protrusions, 
it can be presumed the coal is not breaking well and it is a fair inference 
that the miner in that locality is demanding extra pay. This condition 
comes from no fault of the management, it can occur in many ways: 
It may be caused by the men working in the same section differing in 
elficiency; one man names more coal than the other and pushes his place 
along until he has formed a pocket. It may be caused by some men 
working their places more regularly than their neighbors. It may be the 
result of structural and physical conditions of the roof or coal, for which 
we have only theoretical reasons to explain the cause. Or it may be due 
to a deficiency in one part of the face with exceptionally favorable con- 
ditions in the other; in the first case, the coal may have clay slips and 
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forced mining or excess of draw slate while the other place will have high 
coal and ideal conditions. If coal-cutting machines were used only for 
the purpose of straightening up the face of the coal and keeping the 
circle in a symmetrical shape, they would compensate very fully for 
their installation. 

Increased Output — With machines a larger output can be furnished. 
The cost per ton is regulated pro rata by the amount of the output. 
During the last few years, the hauling system in these mines has been 
much improved. The electric trolley and storage locomotive have been 
substituted for the use of mules, although the shaft in many of the mines 
is over 1 mi. from the working face. The conveying of the coal from the 
face is a much more simple problem than it used to be. At the La Salle 
County Carbon Coal Co., Union mine, an electric hoisting engine has 
been installed and the mine very fully provided with electrical equipment. 

Portland Cement, McLeansboro Formation 
Production^ shipmentSj 3 , 375,786 tons; valuation ( 1917 ), $ 4 , 610,745 

At La Salle and along the bluffs of the Vermillion River, a conspicuous 
feature is a massive limestone underlaid by a bed of shale and a small 
seam of coal. This limestone is No. 10, 11, 12 of Freemans section, 
named by him the La Salle quarry limestone, now better known as the 
Portland Cement rock. At the present time it is operated at three places 
by the La Salle American Portland Cement Co., at La Salle, and the 
Lehigh Portland and Marquette Cement Mfg. Co. at Oglesby, At the 
Marquette plant the rock is mined and at the other two places quarried. 
Messrs. Bleininger, Limes, and Layman, in Bulletin 17, 111. Geol. Sur., 
have described the Portland cement resources of this district very fully. 
Mr. T. Shultz, works manager of the Marquette Cement Mfg. Co., 
and Mr. F. W. Armstrong of the Lehigh Portland, submit the following 
description. 

Operation of Marquette Cement Mfg. Co. — The plant of the Marquette 
Cement Mfg. Co. is located at Oglesby, 111., about 6 mi. southeast of La Salle. 
This company is making Portland cement, using limestone from the La 
Salle limestone and shale from a deposit directly below this limestone 
for its raw materials. The operations of the company are unusual in 
that the raw materials are secured through an underground mining opera- 
tion rather than from the usual open quarry. Mining is necessitated by 
the heavy overburden, which varies from 60 to 120 ft. The La Salle 
limestone is a nearly horizontal deposit varying in thickness from 28 
to 35 ft. (8.5 to 10.6 m.) on the- property of the Marquette Cement Mfg. 
Co. It is not a pure limestone but contains varying quantities of shale; 
it is suj9Blciently pure, however, to make it usually necessary to mix shale 
with it to secure the proper raw mixture for the manufacture of Portland 
cement. 
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The mine of the company is opened on the room-and-pillar system. 
Development is effected by main entries from 22 to 25 ft. (6.7 to 7.6 m.) 
wide by 14 ft. (4.22) high, with cross-entries of the same size opened at 
intervals of about 900 ft. (274 m.). The working rooms are opened 
perpendicular to the cross-entries and are 40 ft. wide by 21 ft. high, with 
a continuous rib 20 ft. thick between the rooms. 

Drilling is done with hammer drills actuated by compressed air with 
a pressure of 90 to 95 lb. per sq. in. at the drill. The mining operation 
is carried on in two benches. The top bench is about 12 ft. high and is 
broken by a center V-cut side holes breaking to this relief. The bottom 
bench is stoped out from the same rigging of the drills; the top bench is 
always kept one cut in advance. The average cut is from 7 to 8 ft. 
All loading is done with steam shovels operated by compressed air, No. 20 
and special No. 25 Marion shovels being used, with air receivers replacing 
the boilers. The larger shovels normally used in the rooms are equipped 
with l3^^-yd. dippers. The rock is loaded into 8-ton steel mine cars and 
hauled by electric locomotives to the crushing plant. 

The rest of the process is that usually employed in the manufacture 
of Portland cement. The rock from the mine is reduced in jaw and gyra- 
tory crushers, Ball mills and Fuller mills to a fineness of 80 per cent, or more 
through a 200-mesh sieve. This powder is then calcined and clinkered 
in rotary kilns using powdered coal as fuel. The resulting clinker is cooled, 
the proper proportion of gypsum added, and the finished cement produced 
by grinding the mixture in Kent mills and tube-mills to a fineness of 
81 to 82 per cent, through a 200-mesh sieve. This finished cement is then 
stored in bins until required for shipment. All sacking of the cement is 
done automatically by Bates packers and the sacked cement is loaded in 
cars for shipment. The normal manufacturing capacity of the plant is 
about 6300 bbl. of cement per day, the maximum shipping capacity is 
about 16,000 bbl. in 8 hours. 

The entire mill is electrically driven, with individual motor drivers 
on aU units. The company makes its own power in a well-appointed 
power house. The boiler equipment consists of 12,400-hp. Stirling 
water-tube boilers with chain grate stokers and operated under induced 
draft. The electrical equipment consists of five direct-current generators 
driven by cross^compound condensing engines. The rated capacity of 
the generators is 5600 kw. at 250 volts. Three air compressors, having 
a combined capacity of 6300 cu. ft. free air per minute furnish compressed 
air for the mine and miU. 

Opetations of Lehigh Portland Cement Co , — The quarry of the Lehigh 
Portland Cement Co. at Oglesby, 111., lies between the junction of the 
Illinois and Big Vermillion Rivers; at the present rate of consumption 
there is suflficient rock in sight to last, approximately, 96 years. The 
first operation consists in stripping off the overburden, which has an aver- 
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age depth of about 16 ft. Underneath this overburden is a 30-ft. stratum 
of limestone, which is worked by 70- and 95-ton shovels. Underlying 
this rock is a 16-ft. ledge of clay or shale and midway in this ledge is a coal 
measure of from 1 to 3 in. This coal measure is used as a floor upon which 
the work of the 45-ton shovel used for excavating clay is performed. Only 
the top 8 ft. of this clay is worked to facilitate loading, as it is possible, 
with this scheme, to have tracks for cars on top of the clay face. Both 
rock and clay are loaded into 4-yd. dump cars and carried to a McCully 
Mammoth 42-in. gyratory crusher. At this place, the mixing of the 
rock and clay is done; that is, so many tons of clay to a given weight 
of rock. After passing through the crusher, the mixture is screened 
through a 3-in. circular screen, the fines going into a pan conveyor lead- 
ing into rock bins and the oversize being elevated and crushed through a 
Jeffrey hammer mill, after which it is also conveyed to the rock bins. 

The rock is blasted with dynamite in well-drilled holes based on 
6-ft. (1.8 m.) centers. It has been found that about 4:}4 tons of rock 
is produced per pound of powder consumed. The average yearly 
tonnage of the quarry, when working at fuU capacity, is about 400,000 
tons; the mix consists of about 16 per cent, shale and 84 per cent, rock, 
which gives an average content of CaCOs in the mix as fed to the kilns 
of per cent. The face of rock worked at present is about 1 mi. in 
length. 

La Salle Portland Cement Co . — This mill, located in La Salle, has a 
daily capacity of 4000 bbl. Its open quarry has modern equipment and 
is in the same geological zone as the Marquette and Lehigh. There is 
unusual stripping with back filling in the quarry; a steam-shovel 
loader of both limestone and shale. A Fairmount roller crusher, 36 by 
60 in., is used for the preliminary reduction and a Williams mill and tube- 
mill for the final reduction of the raw material. There are three 10 ft. 
by 164 ft. rotary kilns, Sturtevant mills, Kominuters and tube-mill for 
finishing. The electrical power is purchased. 

Sand and Oravel. — h. typical gravel pit is that of the Western Sand 
& Gravel Co. of Spring Valley. This plant consists of a drag line 
arrangement by means of which material is drawn from the pit and dumped 
into a car on an incline that runs to the top of a tipple, where the car is 
dumped into a revolving screen, and all material larger than 1^4 
is rejected at the end of the screen and then passed to the crusher, to 
be reduced to the required size. Across the pit is stretched a cable 
to which is attached a movable sheave through which the rehaul line runs 
by moving this sheave either way. The bucket can be started wherever 
desired. The bucket holds from to 2 yd. of material and its con- 
tents is dumped into a trap opening which leads into the car beneath. 
From the face to the tipple is 300 ft. The capacity of the pit, based on an 8- 
hr. day when pulling from a distance of from 100 to 150 ft., is about 900 tons. 
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Titaniferous Iron Sands of New Zealand 

BT T. W. ATJBEIi,* CLAIRTON, PA. 

(Chicago Meeting, September, 1919) 

Among the iron-bearing ores of the world, the titaniferous iron sands 
of New Zealand are probably the least known to American engineers. 
This is not surprising in view of the fact that American ironmasters 
look with disfavor on any, even domestic, ores containing over 1 per cent, 
titanium. The possibilities of smelting titanium-bearing ores in the 
blast furnace are still undetermined, but the problem of their efficient 
reduction is becoming more important each year. There seems to be 
little inclination on the part of American furnace operators to tackle 
this problem, and they will no doubt continue to utilize the non-titanium 
ores at their command, leaving research and experiment to those countries 
not so fortunately endowed. New Zealand has, however, been intensely 
interested in her deposits of titanium-bearing iron sand, and during the 
last 50 years considerable English and New Zealand capital has been 
expended on this problem. 

The extent of the New Zealand iron-sand deposits is almost beyond 
measure. Piom Patea north to Manuka Heads, along almost the entire 
west coast of the North Island, these deposits exist. Wherever there is 
beach sand along this 300 mi. of coast line, the sand is iron bearing. It 
varies considerably in grade; but wherever the contour of the coast affords 
small bays and inlets, large dunes are found that are remarkably uniform 
in quality. Several of these large deposits, especially those at New 
Pl 3 unouth and Patea, are noted for their high iron content. The dune 
at New Plymouth runs between 65 and 60 per cent, of metallic iron; 
the panning action of the prevailing westerly 'winds and northwesterly 
currents has no doubt resulted in this concentration. Whatever the 
origin of this material may be, there is no doubt that deposition is going 
on continuously. At New Plymouth, a small artificial harbor, protected 
from the drifting sand by a large breakwall, has been dredged. Here 
sailing vessels have for years been loaded with iron sand for ballast by 
means of a crane and grab bucket operated from the wall of the break- 
water. Thousands of tons of sand have been removed from this spot 
yet each succeeding storm renews the supply. The sand dune shown 
in Kg. 1 has been tested to a depth of 50 ft. (15 m.) without losing its 


♦Assistant Blast-furnace Superintendent, Clairton Works, Oamegie Steel Co. 
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high quality. The beach itself is of high iron content at a depth of 
30 feet. 

The origin of this ore is generally accepted as being subterranean and 
volcanic. Whether the volcanic action is still proceeding or whether 
this sand is the accumulation of an extinct volcano is in dispute. The 
New Plymouth district is, however, the western extremity of a volcanic 
belt, that extends across the North Island, the eastern end is the well- 
known active thermal region of Rotorua, see Fig. 2. New Plymouth is 
well connected by rail with both Wellington and Auckland and its deposit 
of sand is easily accessible by both rail and water. 



Fig. 1 . — Sand dune avebagixng 55 pek cent, metallic ibon. 


New Zealand is comparatively only a young country, settlement 
having commenced about 1840. A great many of the first settlers, being 
from the iron-producing centers of Great Britain, were at once attracted 
by the nature of the sand on the beaches. When it was discovered that 
this sand contained a high percentage of iron, considerably higher even 
than the ores obtainable in the famous Cleveland district of England, 
companies were formed to work this material. Early attempts were 
made with the Catalan forge, using charcoal as fuel; small quantities of 
wrought iron were made in this way and some of the specimens are at 
present in the Auckland Museum. The first attempt to smelt the sand 
in a blast furnace is recorded as having been made in 1865 in England. 
No details are available except an analysis of the sand used, and also of 
the product made. This iron is reported to have been puddled, and from 
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the resulting wrought iron, hoops, bars, chains, etc. were made, and pro- 
nounced excellent in quality. 


Analysis of Iron Sand Used in 



English Test 

Analysis op Pig Made 


Peb Cent. 


Peb Cent. 

Iron. . . 

59.2 

Sulfur.... 

0.274 

CaO. . . 

1.75 

Phosphorus 

Trace 

MgO.. 

1.00 

Silicon 

1.40 

TiOa.. 

15.2 

Carbon 

2.40 



Titanium 

0.18 



Fig. 2. — Map op the North Island op New Zealand. Between lines ah 

AND cc2 IS THE ACTIVE VOLCANIC REGION OP THIS ISLAND, WHICH IS, NO DOXIBT, THE 
SOURCE OP THE IRON-SAND DEPOSITS. PLACES MARKED OJ ARB THE PRINCIPAL DEPOSITS. 
The CtTRRENTS ON THIS COAST HAVE SCATTERED THIS SAND IN LARGE QUANTITIES 
PRACTICALLY ALL THE WAY TO Auckland. 

About 1868, a small blast furnace was built at New Plymouth and 
the iron sand, mixed with clay and baked into bricks, was charged into 
the furnace with charcoal as the fuel. This test was evidently not very 
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successful. The next attempt of any magnitude, and the one perhaps 
that deserves the most mention, was made at Onehunga about 1884. 
Considerable interest was being aroused at this time in England over the 
possibilities of iron sand. As Canada and New Zealand were both rich 
in this mineral, the matter was brought to the attention of the foremost 
steel and iron men of that day. Sir William Sieman, just before he died 



Design of Furnace 

Fig. 3. — Furnace for the production of wrought iron direct from iron 

SAND, USED IN EXPERIMENTS WITH IRON SAND AT OnEHUNGA, NeW ZEALAND, IN 

1886-7. 

in 1883, developed a combination balling furnace and open-hearth furnace 
which was to be used to treat the Canadian iron sand. Sir Henry Besse- 
mer also became interested and carried out some laboratory experiments. 
He reported that the successful treating of iron sand would necessitate 
a great deal of research work, and that he was too old to undertake it. 
About this time, however, the furnace shown in Fig. 3 was patented in 
America and a company formed in New Zealand received contracts for 
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the erection of several of them. The iron sand was to be mixed with 
coal and charged into the shaft of this furnace. After sufficient time had 
elapsed for the charge to become deoxidized by the heat of the gases 
burning in the surrounding flues, it was dropped on to the hearth and 
puddled or balled in the usual manner. One unit of this plant, with the 
necessary bar mill and finishing mills, was completed in 1884. As the 
attempt made by this company to produce wrought iron direct from 
the iron sand was not successful, the company dissolved after nearly 
' 3 years of experimenting. 

During the next 25 years a great many companies were formed for 
the exploiting of these sands. Some of these made honest efforts to 
utilize the iron sand, while others were of a distinctly wildcat nature. 
The operations of some of these wildcat companies have caused consider- 
able prejudice against this material both in England and New Zealand. 

In 1914, a company was formed for treating the iron sand for the pro- 
duction of pig iron by a process patented in New Zealand. The sand from 
the beach was dried, put through a magnetic separator, mixed with a large 
proportion of fine coal, and coked in fireclay retorts. The product from 
the retorts, ternied ferrocoke, was smelted in a large cupola with a little 
limestone for flux but without the addition of any extra fuel. The 
amount of fixed carbon in the ferrocoke was to be kept great enough to 
supply sufficient heat and carbon for the reduction of the already partly 
deoxidized iron sand. This process was tried out in a variety of ways 
for nearly 3 years but the iron produced was very inferior. Such a 
process has little to recommend it from a metallurgical point of view 
and it is not surprising that it was abandoned. The scarcity of pig iron 
in New Zealand, and the resulting high price due to the war, encouraged 
another attempt to use these sands; late in 1917, it was decided to build 
a small hand-filled blast furnace, equip it with hot blast, and experiment 
still further. 

The utilization of such an ore of iron as this titaniferous iron sand for 
the production of pig iron in the blast furnace presents two very diffi- 
cult problems. The first is the physical condition of the ore; being in the 
form of fine beach sand, there is obviously the necessity of briqueting, 
sintering, or otherwise preparing the sand for charging into the furnace. 
The second is the necessity of either eliminating the Ti02 content of the 
sand wholly or in part by magnetic-separation milling methods, or 
attempting to slag it off without interfering with the continuous opera- 
tion of the furnace or the production of a marketable iron. In this 
respect attention was naturally directed to the possibility of reducing 
the Ti02 content by magnetic separation. The measure of success, of 
course, of such a method depends on the existence of free ilmenite 
in the sand. 
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Six samples of sand of varying iron content were taken: 


Sample 

Iron. 

TiOa, 

P 2 O 6 , 

Number 

Per Cent. 

Per Cent. 

Per Cent. 

1 

49.56 

9.2 

0.64 

2 

59.92 

10.6 

0.65 

3 

23.97 

3.6 

0.53 

4 

20.22 

3.0 

0.50 

5 

12.43 

2.2 

0.39 

6 

36.4 

6.2 

0.28 


These samples were tested with both a strong and a weak hand magnet; 
the results of these tests on samples 1 and 6 are given. Samples were 
also ground to fine powder, and tested under water with the magnet, but 
in no case was the Ti02 reduced appreciably under 9 per cent. 


Iron 

TiOa 

Phosphorus 


1 


6 


Ordinary 


Strongly 

Magnetic 


Feebly 

Magnetic 


Ordinary 


Strongly Feebly 
Magnetic Magnetic 


49.56 56.2 4.7 36.4 49.3 4.1 

9.2 10.3 6.6 6.2 7.6 5.7 

0.28 0.32 .... 0.28 0.32 


The results from this series of experiments were scarcely encouraging. 
Sample No. 2 was taken from that part of the beach which consti- 
tuted the ore supply for the furnace and was used also when testing the 
sand with the magnetic separator for the elimination of the Ti 02 . 


Avbhage Analysis op Sand pbom New Plymouth Deposits 



Per Cent. 


Per Cent. 

Metallic iron 

56.22 

MgO. 

2.80 

Si 02 

6.20 

TiOi 

10.30 

AI 2 O 3 

2.00 

Ps05.-. 

0.74 

CaO 

0,62 

V 2 O 5 

0.39 


Experiments were conducted on a large scale with the magnetic separator, 
which was part of the original equipment. This machine consisted of 
two pairs of rolls operating between two pairs of fixed magnets. The 
sand was fed and distributed to the rolls in a uniforn stream by a re- 
volving feeder. The magnets were excited by a small generator, driven 
by the motor that operated the rest of the machine. They could be 
adjusted both as to strength of current and as to length of magnetic 
field. The dry sand dropping from the rolls in a uniform sheet was 
deflected on either side by the magnets; the tailings, or non-magnetic 
material, dropped on to a conveyor belt and discharged outside of the 
building. The magnets were excited and adjusted from a very weak 
magnetic field to a very strong magnetic field, with no appreciable lower- 
ing of the titanic-acid content of the concentrates. Not even with a 
very weak field and the consequent loss of iron in the tailings did the 
titanic acid in the concentrates drop under 9 per cent. In this respect the 
New Zealand sands differ materially from the St. Lawrence river iron 
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Fig 4. — ^Vibw or roasting machine. Fig. 5. — Partly completed hot-blast 

STOVE. 

In the first experiments with the eggette machine, the attempt was 
made to use the raw sand from the beach mixed with 12 per cent, of 
ground coal. The pressure exerted by the rolls, however, was not 
sufficient to bind this material and the proportion of good eggettes 
was probably not over 50 per cent. An effort was then made to grind 
the coal and the sand together; this gave a much better yield of good 
eggs and led to the purchase of a 33-in. Fuller grinding mill. 

The treatment of the sand finally adopted was as follows: The sand 
was loaded from the beach into small side- tipping narrow-gage trucks; 
fed by bucket elevator into a rotary coal-fired kiln and discharged by a 


sands of Canada. These latter, although they are of considerably 
lower grade, lend themselves easily to wet magnetic concentration with a 
product containing from 65 to 70 per cent, of metallic iron and only 2 to 
3 per cent, of titanic acid. ^ 

Because of the small amount of money available it was necessary to 
use as much of the old equipment as possible. It was impossible to 
secure any standard type of sintering or briquetting machine even if the 
product could be guaranteed. A roll type of egg briquetting machine 
and a roaster of the company’s own design were, therefore, used to sinter 
and prepare sufficient of the sand for the contemplated test, see Figs. 4 
and 5. 


^Magnetic Iron Sands of Natashkwan, Canada Dept, of Mines (1912) 145. 
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screw conveyor; elevated by bucket chain and fed to the distributor of 
the magnetic separator; the dried concentrated sand was mixed with 12 
per cent., by weight, of low-sulfur coal, elevated and fed to a Carr dis- 
integrator, and discharged into a storage bin; fed from bin by a screw 
conveyor feed to the Puller mill, all the product from the mill passed 
through a 100-mesh sieve; discharged from Fuller mill, slightly dampened 
with water, into an enclosed mixing conveyor and elevated by bucket 
belt to storage bin. From the bin the material was fed by a Hendy roller 
feeder to a vertical pug mill acting as a mixer and feeder to the eggette 
machine; eggettes were discharged over shaking screen on to a conveyor 
belt running to feeding platform of roasting furnace then hand-fed into 
blast roasting furnace, automatically discharged over screen, and stored 
for smelting in the blast furnace. 


Flow Sheet 

E,aw wet sand 
Rotary dryer 
Magnetic separator 

Waste tailings Concentrates (60 per cent. Fe 10 per cent. TiOa) 12 per cent, 

coal added 
Carr disintegrator 
Storage bin 
33-in. Fuller mill 

Conveyor mixer (dampened with water) 

Storage bin 

Hendy feeder and vertical pug mill (water added) 

Eggette machine 

Broken eggettes and fines back Eggettes by conveyor belt to feeding platform of 
to bin by elevator roaster 

Blast roaster (coke breeze added) 


Fines back to 
storage bin 


} 


Roasted eggettes to furnace bins 


Sufficient electrical power was not available to operate all of these 
units continuously so the process was divided into three stages and 
operated as follows: Stage one, including all operation as far as the 
storage bin of the Fuller mill, and stage three, including eggette machine 
and roaster, were operated on a day shift of 8 hr. ; stage two, of the 
Fuller mill alone, was operated on a night shift of 8 hr. In this way about 
16 tons of material was put through each 24 hr. Without including an 
engineer and a couple of millwrights, only three men were necessary to 
operate stage one, two men for stage two, and four men for stage three. 
Of these units, the dryer and separator were on the yard level of the 
blast furnace. The disintegrator. Puller mill, eggette machine, bins, etc. 
were housed in a large single building on a level about 50 ft. (15 m.) 
above. the yard level, or approximately on a level with the blast-furnace 
charging platform. The roaster was just outside of this building and 
adjacent to the blast-furnace storage bins. This machine was made of 
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steel plate, flanged and riveted so as to be water- jacketed throughout. 
It was in two sections, separated by a 2-in. (5 cm.) slit, which acted as 
tuyeres, and was connected to a 12-in. Roots blower. The grate con- 
sisted of two rolls, turned in opposite directions by means of a tooth- 
and-pawl arrangement. The desired speed was obtained by a lathe - 
head cone puUey and a connecting rod fastened to the face plate of a 
lathe-head stock. To start this furnace, it was first filled to the tuyere 
level. A wood and coke fire was then built and the blast curned on very 
lightly. In 10 min. the furnace was ready for charging with raw 
eggettes; little coke breeze was needed as the material already contained 
12 per cent, of coal. The success of this roaster depended on the ability 
of the operator to keep the temperature down to a red heat, otherwise the 
eggettes would fuse and run together and large lumps would form and 
interiupt the continuous operation of the discharging rolls. With the 
amount of blast constant and the feeders instructed to keep the roaster 
full, it was possible for the operator to regulate the temperature by the 
speed of the discharge rolls. The resulting eggettes were hard and also 
slightly porous, due no doubt to the carbonization of the coal. 

The blast-furnace plant, as completed, consisted of a small furnace of 
about 15 tons daily capacity, a 24-pipe hot-blast stove, and a 24-in. 
Connersville smelter blower. The blower was either direct driven by a 
70-hp. vertical steam engine dr belt driven by a 76-hp. motor. The 
furnace was 46 ft. (14 m.) high, 4 ft. (1.2 m.) in diameter at the hearth, 
and 9 ft. (2.7 m.) in diameter at the bosh. The bosh was spray cooled 
and pierced for six 3-in. tuyeres; the tuyere coolers were of cast iron 
with coiled cooling pipes. Several cast-iron cooling boxes were inserted 
in the tuyere area. The furnace shell was of J^-in. plate stiffened by 
rails bolted on the inside. The top was closed by the usual cone and bell, 
with a 24-in. bleeder leading off the downcomer. Two burners led the gas 
to the combustion chamber of the hot-blast stove. This stove was 40 ft. 
long, 10 ft. wide, and 14 ft. high. Twenty-four 10-in. diameter U-pipes 
were suspended in three rows of eight each. The walls were lined with 
firebrick and insulated with a 3-in. layer of granular pumice. All the 
unit's of the plant were electrically driven except the blower. 

The analyses of the ore used, the coke, which we obtained locally, 
and the limestone are as follows: 


Eogbttes 

Per 

Cbutt. 

Limestone 

Per 

Cent. 

Westport Coke 

Per 

Cent. 

Iron 

. 60.0 

CaO 

. . 64.1 

Fixed carbon 

93.55 

CaO 

. 2.8 

SiOj 

.. 4.0 

Volatile hydr 

1.86 

AliOi 

. 1.8 

AI 2 O 3 

.. 0.9 

Water 

0.26 

TiOj 

. 9.2 

MgO 

.. 3.17 

Ash 

4.36 

Si 02 

. 5.7 



Ash includes sulfur 

0.85 

MgO 

. 2.0 



and phosphorus . . 

0.036 

Carbon 

. 10.0 
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It is at once seen that, excluding the titanic acid, the amount of slag- 
forming ingredients is very small, and it would be extremely hazardous 
to attempt a rim without diluting this titanic-acid content to some extent 
by the addition of some foreign slag-forming materials. This material 
was foimd in a local volcanic rock, which it was thought would furnish 
the necessary ingredients to make those complex silico-titanates of lime 
and alumina considered necessary to flux away any great quantities 
of Ti02. This rock also contained a considerable amount of alkalies, 
which are well known to form easily fusible compounds with titanic acid. 
An analysis of the rock as used is: 



Per Cent. 


Per Cent, 

Si 02 

53.3 

Mn 

0.86 

AI 2 O 3 

20.4 

Alkalies 

6.6 

CaO 

8.1 

FeaOa 

8.1 

MgO 

0.36 




This test run was not so much a question of production or cost as an 
attempt to secure some practical data. Naturally, under such con- 
ditions, the furnace operator would keep a high slag volume per ton of 
pig, and also a low burden of ore per ton of coke. Starting off in this 
way with Ti 02 very low in the slag and working up to a normal burden, 
and then working down on the slag volume, with a consequent rise of 
Ti 02 in the slag, until the point of economic balance had been reached, 
would, of course, mean running* over a considerable length of time to 
obtain .satisfactory results. The furnace was filled to start as follows: 


Four charges coke, 
Five charges, each 

Three charges, each 

Two charges, each 

Three charges, each 


1500 lb. each, 
coke, 1500 lb. 
limestone, 636 lb. 

[ silica rock, 600 lb. 

’ coke, 1500 lb. 
limestone, 730 lb. 
silica rock, 700 lb. 

coke, 15001b. 
ore, 500 lb. 
limestone, 810 lb. 
silica rook, 700 lb. 

coke, 15001b. 
ore, 800 lb. 
limestone, 760 lb. 

. silica rock, 600 Ib. '^ 


Starting with these charges on a coke unit of 1500 lb. (680 kg.), the 
ore was gradually increased to 2000 lb. and the amount of the silica rock 
and limestone was gradually decreased in order to bring up the percentage 
of titanic acid in the slag. The first day the speed of the blower was 
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brought up to a maximum of 60 revolutions, which gave an average blast 
pressure of 20 oz. at the blower and about 14 oz. at the furnace. The 
average blast temperature was controlled at approximately 1000° by 
regulating the supply of gas to the stove. The furnace was cast and 
flushed regularly the first 5 days. The first slag was essentially a silica- 
lime slag, as only what TiOa was contained in the silica rock was present. 
All the slags obtained through the cinder notch from the beginning to 
the end of the run were extremely fluid, more so than the average blast- 
furnace slag. On the fifth day, one of the tuyeres was burned and before 
the trouble was located, due to the high-water pressure and relatively 
low-blast pressure, the furnace had secured considerable water. On the 
cast succeeding the changing of this tuyere difficulty was experienced 
in getting the tapping hole open; the remaining 5 days of the run the 
furnace seemed to be getting steadily worse in this respect. It was often 
necessary to burn the tap hole open with oxygen, and the hearth bottom 
seemed to be getting higher each day. During this time the cinder 
obtained through the cinder notch was hot, gray, and very fluid, while 
the slag obtained through the tap hole at the end of the cast showed none 
of these very desirable characteristics. The tap-hole cinder seemed to 
be darker, heavier, and to have a tough sticky nature. Analysis of this 
material is given with that of the other data obtained from this run. On 
the last 2 days of the run, considerable iron was tapped through the cinder 
notch. Outside of the hard tap hole, iron at the cinder notch, and build- 
ing up of the hearth bottom, there were none of the indications of a 
bunged up furnace. The iron was hot and gray and the cinder was hot 
and very fluid. On the seventh or eighth day of the run, the brickwork 
around the tuyere zone on one side of the furnace began to steam and 
moisture oozed out around the joints in the brickwork. The coil-cooled 
cast-iron cooling blocks were suspected of leaking so the water was shut 
off of these. On account of the bunged up condition of the furnace and 
suspicion of water leaking, it was decided to “blow out” on the tenth day. 

The furnace had made about 90 tons of iron. Some of the analyses 
are given. Test bars were made from some of this pig and tested in 
Auckland, with the results given. On cleaning out the furnace, it was 
found that the hearth had built up about 2 ft. from its former level; 
the analysis of the salamander is given. One of the tuyere coolers was 
found to be leakmg and the furnace no doubt obtained considerable 
water from this source and also from the blocks. From this test we had 
wished to observe the quality of the iron obtained, the nature of the slag 
in relation to its TiOj content, and to obtain evidence to either prove or 
disprove the contention that TiOa segregated in the furnace hearth. 
Due to the water trouble encountered, the data obtained from this run 
could not be considered conclusive, so it was decided to have another 
test of at least a week's duration. 
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The following analyses were made by the New Zealand Government 
Dominion Laboratory. 


Representative Analyses op Iron Obtained on the First Run 



Silicon, 

Per 

Cent. 

Titan- 

ium, 

Per 

Cent. 

Phos- 

phorus, 

Per 

Cent. 

[ 

Vana- 

dium, 

Per 

Cent. 

Sulfur, 

Per 

Cent. 

1 

Manga- 

nese, 

Per 

Cent. 

Com- 
bined 1 
Carbon, 
Per 
Cent 

Graph- 

itic 

Carbon, 

Per 

Cent. 

Iron from first cast 

8.18 

0.98 

0.73 

0.11 

0.007 

0.28 

1.53 

2.04 

Iron from fourth day. . . 

1.63 

1.69 

0.46 : 

0.03 

0.030 

0.31 

1.34 

2.07 

Iron from seventh day. . 

1.49 

0.39 

0.56 


0.080 

0.44 

1.15 

2.80 

Iron from ninth day. . , . 

1.60 

0.45 

0.57 


0.090 

0.38 

1.14 

2.79 


Representative Analyses of Slags Obtained on the First Run 



Si02, 

Per 

Cent. 

1 

AhOz, 

Per 

Cent. 

Iron, 

Per 

Cent. 

Ferrous 

Oxide, 

Per 

Cent. 

CaO. 

Per 

Cent. 

MgO, 

Per 

Cent. 

TiOa, 

Per 

Cent. 

Alkalies, 

Per 

Cent, 

First slag obtained 

43 

20 



32.60 




Slag on third day 

32.40 

15.17 

.... 

1.15 

35.80 

6.36 

7.09 

2.03 

Slag on sixth day 

31.29 

13.90 


2.73 

37.97 

6.28 

7.72 



Analysis of sticky, tough slag secured from tap hole toward the end 
of cast was 

Pbk Cbnx. Pdb Cinx. Pub Cbiix. 


SiOj 15.36 

AIjOs 15.48 

Iron 35.17 


Ferrons oxide. . . 1.53 

CaO 18.63 

MgO 2.49 


TiOj 9.06 

VsOb 0.58 


This material was of such a pasty nature that small pellets of metallic 
iron was carried with it mechanically mixed and no doubt accounts for 
the high iron content in the analysis. There was about 2 ft. of the 
following material in the bottom of the hearth; it was very hard and 
flinty, and showed the presence of considerable Ti 02 by its color: 


Pbb Cunt. 

SiOs 12.70 

Iron 43.70 

AlaOs...., 6.74 


Pbk Cent. 

Ferrous oxide ... 5.20 

CaO 9.04 

MgO 2.44 


Per Cent. 

TiOa 19.06 

P 2 O 5 0.44 


There was probably only about 3 bu. of material carried over and 
found in the dust catcher; its analysis is as follows: 


Iron, . . 
TiOs. . 
Potash 


Per Cent. Per Cent. 

38.86 Soda 0.78 

5.78 Carbon 7,14 

1.74 


Without considering the effect of any water that, no doubt, had leaked 
into the furnace both through the leaking tuyere cooler and through 
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several cracked plate coolers, it is at once seen, both from the operation 
of the furnace and from the analyses of the slags and the material found 
built up in the hearth bottom, that all of the Ti 02 in the charges was not 
finding its way o.ut of the furnace. 

In preparing the furnace for the second run, every possible care was 
taken to avoid any repetition of the previous water trouble. The bronze 
tuyeres were made heavier in construction and given a larger water feed at 
a lower pressure. The cast-iron coO-cooled blocks were dispensed with 
entirely, under the theory that no cooling would be necessary in the 
tuyere area for such a short run. New and better tuyere coolers were 
provided. The second run lasted 11 days, but there was no trouble from 
water leaking into the furnace. At the completion of the run, all the 
cooling bronze was as sound as at the start. 

The furnace was fiUed to start in the same way as for the first run. 
With a coke unit of 1000 lb., the ore charge was gradually increased to 
1800 lb., limestone to 448 lb., and silica rock to 270 lb. The furnace 
was flushed and cast regularly, no trouble being experienced until the 
fifth day. During the first 5 days, the iron at no time ran under 2.50 
per cent, silicon. On the fifth day some trouble was experienced in 
getting the tap hole open; on this cast it was impossible to get any slag 
to follow the iron. The next cast was a very small one, and from then 
on all slag and iron were tapped together out of the cinder notch. About 
the eighth day, a hole was cut above the tap hole at the same level as the 
slag notch and from this hole all the slag and iron were tapped together 
at regtilar intervals until the end of the run. No further building up of 
the hearth occurred; if anything the hole was lowered to some extent by 
this method of tapping. On the fifth day, when the trouble was first 
experienced with the tap hole, the iron obtained was white; no change 
was -made in the furnace burden from that indicated above. White iron 
was obtained on the sixth, seventh, and eighth da 3 rs but after the tap 
hole was cut in the front of the furnace, the iron turned gray and the 
silicon content jumped at once to over 2.0 per cent. Good, gray iron 
was the rule from this time irntil the end of the run. 

Ikom our experience with these two runs we have drawn a few conclu- 
sions that may be of interest. The difference between the slag qbtained 
from the cindw notch and that obtained from the tap hole at the end of 
the cast was emphasized before. This difference was very naarked on the 
second run. After the cinder notch was abandoned, on the second test, 
and all the slag and iron were rim out together from the improvised tap 
hole, a large sample of the slag was taken in a mold and allowed to cool. 
On breaking this sample a very distinct line of demarkation was shown 
between two formations. The bottom layer had a specific gravity of 
3.8 and the top layer a specific gravity of 3.2. The bottom layer was of 
a very much deeper blue color than the top, and showed plainly the pres- 
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ence of more Ti02. From this it would appear that when flushing slag 
out of the furnace through the cinder notch, we are obtaining slag 
with the low specific gravity and segregating the Ti 02 in the hearth. 
This would account for the vast difference in the appearance of the slag 
from the cast and that from the flush. It would also appear that when 
all the slag and iron are taken at regular periods from the same tap hole 
a greater percentage of the Ti 02 is eliminated. 

On the ninth day of the second run the supply of prepared eggettes 
was exhausted. It was, therefore, decided to try a few days' operation 
with the raw beach sand in place of the prepared material. The 
raw sand was wetted down with a 5-per cent, solution of clay 
wash, just sufficient to prevent filtration and also to prevent exces- 
sive loss in the dust catcher. The coke, sand, limestone, and silica rock 
were thoroughly mixed before charging into the furnace. Practically 
the same weights were used as when using the prepared material. This 
practice was followed for the two remaining days of the run, or until the 
stock of coke was exhausted. No difference was noticed in the workings 
of the furnace. The iron obtained was high in silicon, averaging about 
2.40 per cent. It is unfortunate that we were unable to obtain sufficient 
coke to keep on with this second run. It was the consensus of opinion, 
however, of those in charge that it would have been no trouble what- 
ever to have run the furnace indefinitely. Further efforts along these lines 
are to be made to utilize this material, and preparations are under way 
for a more extended trial of the furnace. When further trials are com- 
pleted more information may be available. 

These test bars were approximately 1 in. square in section, rough as 
cast and rough cleaned. Unfortunately I am xmable to find, in my notes, 
the length of these bars and the distance between the bearing points 


E.BStrLTS OF Tests Made with Cast-iron Bars on New Zealand Govern- 
ment Machine 


Test Speoimen 

Deflection 

Inch 

Pounds to 
Break 

Remarks 

IPSS** 


2900 

Flaw in casting at breaking point. 

2 PSS 

0.5 

3250 

Small flaw in casting. 

SPSS 

0.5 

3530 

Bar not broken. 

IP 

0,5 

3400 

Broke at small flaw. 

2P 

0.5 

3500 

No break. 

3P 


3550 

No break. 

1 M 


3550 

No break. 

2M 


3550 

No break. 

3 M 


3650 

No break. 


« PSS indicates proportion of two parts of good machinery scrap to one part of 
pig iron; P indicates all pig iron, M indicates three parts of pig and one part of 
scrap. 
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when testing, but I think the bars were 24 in. long and the bearing points 
18 in. At all events, the men who represented the New Zealand railways 
department, and who tested these bars, were unanimous in declaring 
that they had stood up better in these tests than any bars they had tested 
in routine work. 


DISCUSSION 

F. E. Bachman, Port Henry, N. Y. (written discussion*). — Experi- 
ments with titaniferous ores found in Essex County, New York, made by 
the MacIntyre Iron Co. in 1914, showed^ that titaniferous concentrates 
are reduced in the furnace with no greater, and probably with less, 
expenditure of heat, and consequently of fuel, than non-titaniferous mag- 
netites; and as a greater proportion of their oxygen is removed by carbon 
monoxide than is the case with non-titaniferous magnetites, a lower fuel 
consumption for the reduction of iron may be expected. 

After the furnace was blown out at the end of the experiment, the 
formation in the hearth was found to be abnormal. The brickwork was 
replaced, entirely around the furnace, by a layer which at the tuyere 
circle was made up of cinder, fine carbon, and coke; the coke, however, 
gradually disappeared toward the bottom, being replaced by cinder and 
graphite. 

The usual salamander of graphite and iron was missing. The material 
left in the hearth seemed to be cinder that had not drained from the last 
cast; its composition, though, would indicate that it was in the furnace 
previous to the taking off of the titaniferous ore. At first, this material 
was thought to be blast-furnace cinder mixed with less iron and graphite 
than is normal; but an examination showed it to be made up of cinder 
with small masses of iron and graphite. There were also patches of a 
steel-gray material having a metallic luster; a microscope showed these 
patches to be made up of black metallic crystals interlacing white crystals. 

As there had been no indication of the furnace hearth having been 
filled with unmelted material, and as iron and steel bars had been driven 
seVeral times into the hearth of the furnace to a depth of at least 18 in. 
(45 cm.) below the top of this layer, this material must have been present 
in the furnace in a melted state. Determinations of its melting point and 
fluidity tests indicated that it had a low melting point but did not 
become fluid enough to flow at furnace-hearth temperatures. As its 
specific gravity was apparently very much below that of cast iron, I con- 
cluded it was present in a layer resting on the iron. All analyses of this 
material indicate excessive amounts of sulfur and titanium. 

Analyses of Salamander . — Suspecting that this material caused the 
dirty hearth’' condition, which was the only abnormal condition not 

* Received Sept. 28, 1919. 

^Amer. Iron and Steel Inst. Year Book (’1914), 371-419. 
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met and overcome during our run on titaniferous ores, I sent seme to 
Mr. Porter W. Shimer, Easton, Pa., for analysis. His report is as follows : 


The piece was broken down coarsely and sampled. A portion weighing 1 033^ gm. 
was ground down, with much difficulty, so that 96 gm. passed through a 100-mesh 
sieve; gm. of small iron particles remained on the sieve. The part that passed 
through the 100-mesh sieve was used, in its air-dried state, for the full analysis, which 
follows: 


Metallic iron 
Titanium — 
Vanadium . . . 
Chromium . . 

Nickel 

Manganese. . 

Silica 

Alumina. . . . 
Lime 


Peb Cent. 1*®® Cent. 

. 23.16 Magnesia 2.49 

. 29.34 Calcium sulfide 13.61 

. 0.15 Potassa 0.20 

. 0.00 Soda 0.27 

. 0.00 Combined carbon 3.39 

. 0.13 Graphitic carbon 0.94 

. 10.06 Nitrogen 3.86 

. 4.54 Moisture 0.32 

. 7.02 

99.48 


Sulfur (by fusion), 6.05 per cent., sulfur (by evolution), 6.02 per cent., confirmed 
by duplicate. 

The water-soluble was 2.15 per cent. The sulfur in this was 0.949 per cent., equi- 
valent to 2.14 per cent, calcium sulfide. This seems to show that only a small part of 
the calcium sulfide, and nothing else, was dissolved out by boiling with water for some 
time. By dissolving in hydrochloric acid (1.12) I found approximately 58 per cent, to 
be soluble and 42 per cent, insoluble. The soluble part consists of about 24 parts of 
iron in minute particles and 34 parts of slag. The insoluble part consists of about 
40 parts of titanium carbide, nitride, etc., and 2 parts of an almost insoluble silicate 
showing transparent colorless sand-like grains under the microscope. 

Partly by direct determination and partly by calculation from the analysis, I have 
arrived at the following figures. The iron in the salamander was analyzed on the 
sample of 73^ gm. which remained on the 100-mesh sieve. It contains silicon, 1.39 
per cent.; sulfur, 0.071 per cent.; total carbon, 1.57 per cent., confirmed by duplicate. 

The slag, figured out as best it could be done, is as follows : 


Silica 

Pmi Chnt. 
26.77 

Potassa 

Per Cent. 
0.52 

Alumina 

n .79 

Soda 

0.70 

Lime 

18.22 

Titanic acid 

0.21 

Magnesia 

6.46 

Sulfur 

15.70 

Calcium sulfide 

35.33 




The titanic acid soluble in hydrochloric acid (1.12) is figured in the slag. It is 
surprisingly low. The insoluble carbide and nitride residue has the following compo- 


sition: 

Titanium 
Iron 


Peb Cent. Per Cent. 

. 67,88 Nitrogen 8.66 

. 0.55 Silica and silicate 11.60 


Carbon (combined and graphitic) 11.24 


The insoluble silicate, which in one case amounted to as much as 2.67 per cent, of 
the total, was analyzed with the following result: 
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Per Cent. 


Silica 44.91 

Alumina 30.71 

Lime 14.61 

Magnesia 9.00 


In reply to a letter making further inquiry, Mr. Shimer says: “The 
sulfur in the salamander slag is far higher than anything that I have 
ever found in furnace slag, though I understand that such slags are 
usually much higher in sulfur than the regular blast-furnace slag. The 
thought occurred to me that some of the sulfur might exist as titanium 
sulfide, but a determination showed that this is not the case. That it 
occurs in the slag only is also shown by the fact that the fusion sulfur and 
evolution sulfur agree closely. 

“As to the TiOa in the slag, it is possible, as you suggest, that it re- 
mained insoluble in the hydrochloric acid and appears with the titanium 
in the insoluble residue. Remembering the very unusually high sulfur 
in the slag and the presence of carbon and nitrogen in the titanic 
residue, it seems to me quite possible that the slag may really be quite 
low in TiOj.” 

The material, therefore, is undoubtedly a mixture of blast-furnace 
slag, exceptionally high in sulfur, iron, free graphite, and a mixture of 
titanium carbide and nitride in about equal quantities; which of the 
nitrides has not been determined. It seems probable that the nitride 
consists of a mixture of about equal parts of TijNg and TisNj. The ex- 
cess of sulfur leads one to expect the presence of titanium sulfide, but 
Mr. Shimer states that none was present and that the sulfur undoubtedly 
exists as calcium sulfide. Experience has demonstrated that slags con- 
taining 9 per cent, of calcium sulfide are anything but fluid, and that no 
furnace can be operated with a slag of such a sulfur content as is shown 
by the above analysis. Not .having determined the sulfur contents of 
slags found in furnace salamanders, nor having seen an analysis published, 
I wrote to several furnace managers asking for information as to their sulfur 
contents. All replied that they had never analyzed nor seen analyses 
of such slags. Mr. Geo. Collard, general manager of the Shenango Furnace 
Co., subsequently analyzed slag from a salamander from a furnace oper- 
ated on Lake ores and Connellsville coke but found no excess of sulfur. 

From the information at hand, I was unable to decide whether, if 
the material caused the dirty hearth, the trouble arose from the presence 
of the calcium sulfide or from the titanium compounds. The melting 
point of calcium sulfide has been determined to be above 1700® C. (3200® 
F.) while the meltiug point of the titanium compounds, obtained by dis- 
solving the slag and iron from them by hydrochloric acid, and separating 
the graphite as well as possible by decanting the lighter substances, could 
not be determined. 
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During casting, pieces of salamander were placed in the iron runner 
between the dam and skimmer. They floated on the iron and became 
mushy, but did not become fluid enough to spread over the surface of the 
pool of iron. A piece of titaniferous cinder and a piece of salamander 
were clayed to the bottom of the cinder trough. The cinder melted 
almost completely while one flush of cinder ran over it; the salamander 
was melted to the same extent after two and one-half flushes ran over it. 

Location in Furnace of Salamander-forming Material . — ^The following 
investigation was made to determine the probable location of material 
forming the salamander in the furnace hearth, while the furnace was 
producing iron, and to determine the result arising from the introduction 
into the furnace hearth of substances that should liquidate the calcium 
sulfide or oxidize the titanium compounds, or both. 

The material to be treated was placed in crucibles made from carbon 
electrodes, which were then placed in a furnace similar to a crucible- 
steel pot furnace, using blast. Coke fuel was used. A quantity of 
titaniferous cinder, iron borings, and salamander was crushed, care- 
fully mixed, and sampled, and the sulfur content of each determined, 
as were the TiOz in the cinder and the titanium in the iron and sala- 
mander. The crucibles were kept covered during the melt to prevent 
oxidation. The matures were melted as rapidly as possible and, after 
melting, were held in the furnace 2 hr., at approximately hearth tem- 
perature, then withdrawn, cooled in the crucible, and examined. The 
sulfur and titanium content of the iron and the sulfur and titanic 
oxide of the slag were determined. Melts Nos. 1 and 3 were lost, and 
reported under other numbers. The analyses were made by Mr. Wm. V. 
Knowles of the Titanium Alloy Mfg. Co. They are as follows: 



Sample 
No. 9 
2A Slag 

Sample 
No. 10 
4A Iron 

Sample 
No. 11 
4A Slag 

Sample 

1 No. 12 

I No. 5 
Iron 

Sample 
No. 13 
No. 5 
Slag 

Sample I 
1 No. 14 

1 No. 6 
Iron 

Sample 
No. 16 
No. 6 
Slag 

Analysis number 

2016-A 

2017 

2017-A 

2018 

201^A 

2019 

2019~A 

Titanium, per cent 


0.095 


0.074 


0.092 


Titanium oxide, per cent. 

6.48 


'5.06 


5.16 


5.46 

Sulfur, per cent 

2.29 

0.122 

2.18 

0.085 

1.74 

0.195 

2.53 



Sample 
No. 1 
Cast 
Iron 

Sample 
No. 2 
Slag 
FEB 

Sample 
No. 3 
, Sala- 1 
mander 

Sample 
No. 4 
Iron Bor- 
ings from 
No. 2 

Sample 
No. 6 
Slag 
from 
No. 2 

Sample 
. No. 6 
Iron Bor- 
ings from 
No. 4 

Sample 
No. 7 
Slag 
from 
No. 4 

Sample 
No. 8 
2A Iron 

Titanium, per cent. 
Titanium oxide, per 
cent 

0.302 

6.77 

25.29 

0.170 

6.58 

0.323 

7.69 

0.236 

Sulfur, per cent . . . 

0.200 

1.39 

6.53 

0.058 

2.13 

0.138 

2.43 

0.076 






284: 


TITANIFEEOTJS IRON SANDS OF NEW ZEALAND 


Experiment 2 . — In the second experiment, 40 gm. of salamander were 
placed on the bottom of the crucible and covered with 10 gm. of sodium 
carbonate and then with 250 gm. of cinder, mixed with 500 gm. of iron 
borings. The iron was in a solid button on the bottom of the crucible; 
there were no iron shot through the slag, and a small portion of the sala- 
mander was found attached to the bottom and sides of the iron button. 
The slag was crystalline and had a high TiOa appearance. Crystals of 
titanium carbide and nitride could not be determiued in the slag next 
above the iron, or through it. The titanium in the iron was reduced to 
0.17 per cent., and the sulfur to 0.058 per cent.; the TiOz in the slag 
increased to 6.58 per cent, and the sulfur to 2.13 per cent. If the 
titanium removed from the iron was oxidized and none of the titanium 
carbide or nitride of the salamander was oxidized, the TiOa in the slag 
should have been 5.57 per cent., indicating an oxidation of 16.76 per cent, 
of the titanium contained in the salamander. The sulfur of the slag, 
if it contained all the sulfur originally in the salamander and that re- 
moved from the iron, would have been 2.43 per cent. The greater part, 
but not all of it, was, therefore, hquidated and absorbed. 

Experiment 4. — In this experiment, 40 gm. of salamander were placed 
on the bottom of the crucible and covered with 20 gm. of magnetic-iron 
ore containing 90 per cent, of magnetic oxide, and over this was placed 
500 gm. of iron borings mixed with 250 gm. of slag. The salamander 
all left the bottom of the crucible. Two small particles, the size of a 
large pinhead, were noted on the side of the iron button. There were 
some iron shot through the slag immediately over the button and- the 
slag was crystalline, darker than No. 2, but the color did not indicate 
the presence of iron oxide. An examination with a microscope showed 
what were thought to be crystals of titanium carbide and nitride evenly 
distributed through it. The titanium in the button was 0.323 per cent., 
the sulfur 0.138 per cent.; in the slag, the TiOa increased to 7.69 per cent, 
and the sulfur to 2.43 per cent. The expected Ti02 in the slag was 5.24 
per cent, if there was none oxidized from the salamander; the sulfur, if it 
contained all that in the salamander, 2.31 per cent., indicated an oxida- 
tion of 28.40 per cent, of the titanium content of the salamander, and 
a complete absorption of the sulfur. 

Experiment 2-A . — The 40 gm. of salamander placed on the bottom of 
the crucible were covered with 20 gm. of pyrolusite of unknown composi- 
tion, then with 500 gm. of iron borings mixed with 250 gm. of cinder. The 
result was that the salamander floated from the bottom of the crucible; 
slightly more of it than in experiment 4 was found attached to the side of 
the iron button and there were no iron shot. The slag had a decided man- 
ganese color. Examination with a microscope showed what were probably 
titanium carbide and nitride crystals m the slag next above the iron, and 
possibly some diffused throughout it. In the iron there was 0.076 per 
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cent, of sulfur; in the slag, 2.29 per cent. There was 0.236 per cent, of 
titanium in the iron and 6.48 per cent, of TiOain theslag. If allthesulfur 
entered the slag, 2.29 per cent, was expected; if no titanium was oxidized 
from the salamander, 5.18 per cent. TiOa was expected, indicating com- 
plete absorption of the sulfur by the slag, and the oxidation of 22.03 per 
cent, of the titanium content of the salamander. 

Experiment 4-A . — The 40 gm. of salamander were placed on the bottom 
of the crucible and covered with 20 gm. of fluorspar, and then with 500 
gm. of iron borings mixed with 250 gm. of cinder. As a result, the sala- 
mander remained on the bottom of the crucible; there were no iron shot, 
and the cinder was dense and crystallme. Examination with a micro- 
scope did not indicate the presence of titanium carbide and nitride crystals 
in the cmder, on top of the iron, or through it. The iron button was so 
hard on the bottom next to the layer of salamander that it was difficult to 
drill, but the upper portion was soft. There was 0.095 per cent, titanium 
in the iron and 0.122 per cent, sulfur. The TiOz in the slag showed 
5.06 per cent., the sulfur 2.18 per cent. The expected suHur, if all was 
dissolved in the slag, was 2.98 percent.; the expected Ti02, 5.23 per cent., 
thus indicating practically complete absorption of the sulfur, but no 
oxidation of the titanium content of the salamander. 

Experiment 5. — ^The 40 gm. of salamander were extracted with 
hydrochloric acid 1.12 specific gravity. Hydrofluoric acid was added to 
dissolve the Si02, which had gelatinized, filtered, and washed. This re- 
moved all of the sulfur and iron and almost all of the slag, leaving the 
titanium carbide and nitride, as shown by Mr. Shimer’s analysis. The 
50 gm. of iron borings placed on the bottom of the crucible were covered 
by the extracted salamander, then with 450 gm. of iron mixed with 250 
gm. of slag. The result showed no salamander material on the bottom or 
sides of the iron button and no iron shot. Examination of the cinder 
with a microscope indicated the probable presence of titanium carbide 
and nitride in the lower portion of the slag. The cinder contained 5.16 
per cent. Ti02 and 1.74 per cent, sulfur. The expected Ti02, if the tita- 
nium removed from the iron was oxidized, was 6.45 per cent.; the ex- 
pected sulfur was 1.60 per cent. The Ti02 content of the slag was less 
than that originally contained in the cinder used, indicating either a 
reduction of titanium and its solution in the cinder or an error in deter- 
mination. The sulfur reported in the slag was slightly in excess of the 
total sulfur charged. 

Experiment 6. — Over 250 gm. of borings placed on the bottom of 
the crucible there were poured 200 gm. of salamander, which were covered 
with 250 gm. of iron borings, mixed with 250 gm. of slag. This time the 
iron settled to the bottom, except for rather more iron shot than were 
found in any of the other melts. There was no salamander on the bottom 
or sides of the iron button, the salamander material being found next 
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above the iron. This looked to be slightly diluted with slag. The 
titanium carbide and nitride crystals gradually decreased toward the top, 
fVhen they seemed to be entirely absent. The titanium in the iron was 
reduced to 0.092 per cent.; the sulfur was 0.195 per cent. The slag con- 
tained 4.46 per cent. Ti02 and 2.53 per cent, sulfur. The expected Ti02 
content of the slag, if that removed from the iron was oxidized, was 
4.74 per cent. The sulfur content, if it contained all the sulfur of the 
salamander, was 4.84 per cent., indicating an oxidation of 2.82 per cent, 
of the titanium content of the salamander, and a removal of about one- 
third of its sulfur content. 

The estimates of titanium oxidized and sulfur fluxed or liquidated 
were based on the assumption that all the iron charged, plus 20 per cent, 
of the weight of the salamander, the iron in the magnetic ore used, and 
half the manganese charged were found in the iron buttons. The slag 
was assumed to contain the cinder charged, 41 per cent, of the weight of 
the salamander, one-half of the manganese as MnO, and all the slag- 
making material of the fluxes. The slag samples were in all cases taken 
from the top of the layer of slag, when they should have been free from 
titanium carbide and nitride if these materials are not dissolved in or 
absorbed by blast-furnace slag. The iron content of the salamander was 
determined by analyses; the slag content partly by analyses and partly 
estimated; to the weight found as above, was added the increased Ti 02 
and sulfur contents. 

Although the investigation reported above was rather crude, I think I 
am safe in assuming that the following conclusions are reasonably safe 
deductions. 

1. The salamander-forming material floated on the iron bath in the 
furnace hearth, forming a layer between it and the cinder, and was not a 
salamander until the furnace was blown out. This is demonstrated by 
its floating on the iron in the runner and by its rising to the top of the iron 
in five out of six of the experiments. 

2. The freeing of the salamander from sulfur does not cause the ab- 
sorption of titanium by the iron. (I had rather expected the freeing of 
the material from sulfur would cause the titanium compounds to settle 
to the iron layer and be absorbed by it.) The titanium of the iron was 
reduced in all, except one, of the experiments and there was clearly no 
absorption of it by the iron. 

3. The removal of the sulfur from the salamander causes the titanium 
compounds to be absorbed by or diffused through the cinder lying above 
it. This conclusion is by no means proved, it is based on the disappear- 
ance of the greater part of the titanium compounds and the presence of 
titanium carbide and nitride crystals through the slag. 

To my knowledge, the presence of titanium carbide or nitride in blast- 
furnace slag has never been reported, but there are several facts which 
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make its presence probable. First, the analyses of slags containing Ti02, 
when the titanium content is figured to be present as Ti 02 , generally 
foot in excess of 100 per cent. Second, these slags are never entirely 
soluble in hydrochloric acid or mixtures of hydrochloric and sulfuric 
acids, but are readily soluble in a mixture of hydrochloric, sulfuric, 
and nitric acids. Third, treatment of the residue from solution with 
hydrochloric and sulfuric acids with nitric acid, freed from nitrous oxides, 
results in the production of brown fumes of nitrous oxides. The direct 
determination of titanium in the presence of Ti 02 is difficult, if not impos- 
sible. A determination, however, of combined carbon and nitrogen in 
the slag portion insoluble in hydrochloric acid would demonstrate the pres- 
ence or absence of the carbide and nitride, and, without doubt, the correct 
estimation of the carbide. The titanium combined as nitride could only 
be estimated after determining which of the numerous nitrides were 
present. The analyses on which these conclusions are based were made 
on the assumption that all the Ti 02 present in the slags was soluble in 
mixtures of hydrochloric and sulfuric acids, or if not all soluble, the 
amounts soluble were relatively the same in all of the analyses 
reported. 

4. The titanium compounds, when present in the hearth of a furnace, 
can be easily removed by introducing materials that will liquidate the 
calcium sulfide and oxidize the titanium compounds; this is demonstrated 
by the results of experiments 2, 4, and 2-A. The use of iron oxide, either 
fine ore or scale, fed into the tuyeres while casting or immediately after 
casting, offers a convenient means to the end desired. At first thought, 
the introduction of iron oxide through the tuyeres might seem objection- 
able, owing to its reducing hearth temperature, but where it is reduced 
by the oxidation of titanium carbide, there is a gain instead of a loss of heat. 
In experiment 4, the heat produced by the titanium carbide oxidized was 
one and three-fourths times the heat necessary for the reduction of all 
the iron in the oxide used and the fusion of the reduced iron. It is proba- 
ble that this reaction explains the observed excessive hearth temperature, 
while we were using titaniferous ores, owing to unreduced iron oxide 
which was carried into the hearth being reduced by titanium instead of 
by solid carbon. The excess hearfch temperature also explains the lower 
sulfur content of iron made while using titaniferous ore. The cause of the 
presence of the excess of calcium sulfide and the titanium carbide and 
nitride remains unsolved. It has occurred to me that excess calcium sulfide 
may be as much a cause of all dirty-hearth phenomena as is fine fuel, to 
which I have heretofore attributed it, and that, therefore, it may not be 
as uncommon as it at first appears. All experienced furnace managers 
have gone through periods of persistent dirty hearths. The presence of 
the titanium compounds was due either to separation of them from the 
cinder in which they were dissolved and their settling through it, owing 
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to their being of higher specific gravity, or more probably to their exuding 
from iron which was supersaturated with them. 

Since the above notes were made, Mr. Porter W. Shimer has separated 
both titanium carbide and titanium nitride from a sample of charcoal 
blast-ftimace cinder made about 1854 in a furnace operated on an ore 
mixture containing approximately 18 per cent, of TiOz. Analyses of 
this cinder show it to contain from 23 to 25 per cent, of TiOj, all of the 
titanium contents being figured as Ti02. In a sample of coke-furnace 
cinder containing 9 per cent, of TiOj, when all of the titanium contents 
was figured to TiOj, he has separated titanium carbide but was unable 
to find any titanium nitride. 
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Ore Deposits of the Mogollon District 

BT DAVID B. SCOTT,* MOGOLLON, N. MEJSl. 

(New York Meeting, February, 1920) 

The Mogollon mining district, New Mexico, has received little 
public attention, although for 15 years it has been the leading silver 
producer of the state; it is situated in a region remote from the principal 
lines of travel, and its activities have usually been limited to the opera- 
tions of two or three companies. The value of the total production of 
the district rathe 44 years of its history has been estimated at $15,000,000. 
For the years 1904 to 1917, inclusive, the output was: gold, $4,370,000; 
silver, 10,042,000 oz.; copper, 874,862 lb.; total value, approximatdy 
$10,500,000. In 1913 the district contributed 80 per cent, of the total 
silver production of New Mexico, but in 1917 only 41 per cent., due to 
serious interruption in the operations of the lea^g producer. Since 
1914 the silver output has diminished one-half, and the present high 
value of silver is nearly offset by the increase in cost of production. 
The output of gold has rarely exceeded 35 per cent, of the total for New 
Mexico. The ratio of silver to gold, by weight, has averaged 46 : 1 
based on the whole output of the district. 

Location and Topography 

The town of Mogollon is 75 mi. (121 km.) by a poorly located highway 
from the nearest railroad terminals, at Silver City and Tyrone. All 
supplies are transported by motor trucks and teams. 

The area, sometimes called the Cooney Mining District, lies on the 
western flank of the Mogollon Mountains, which occupy the western 
part of Socorro County. The elevations drop steeply on the west to the 
valley of the San Francisco River, adjacent to the Arizona boundary. 
The topography is very rugged, the whole area being sharply dissected; 
deep canyons with steep gradients and rugged walls are characteristic 
of the whole western slope of the Mogollon Range. The main canyons 
run east and west, and usually maintain a flow of water during the entire 
year. As would be expected in a region of such deep dissection, the 
mines are generally dry. The mountain ridges between the canyons have 
altitudes varying from 7000 to 10,000 ft. (2130 to 3050 m.) and drop 
sharply, on their western face, to the floor of the San Francisco Valley 
at an elevation of 5000 ft. (1525 m.). Erosion has been rapid, and the 

* General Manager, Socorro Mining and Milling Co. 

VOL. LJOII. 19. 
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western face of the range is distinguished by broad alluvial deposits 
sloping to the San Francisco River. • 

The mountains are profusely timbered with Douglas fir, yellow pine, 
and spruce, the timber line being at approximately 7500 ft. (2300 m.) 

The water resources in the neighborhood of the mineral area have 
been developed in a sporadic way; Mineral and Whitewater Creeks 


Fig. 1. — Rhyolite exposures on Mineral Creek, showing horizontal bedeinq 

' IN A 1000-FT. section. 


have both furnished water power at various times, but the extreme 
annual variation and the relatively small volume of the streams both 
necessitate large capital outlays for power development. The more dis- 
tant Gila and San Francisco Rivers offer better possibilities, but their 
development is restricted by local factors. s. .. . 

Beginning at Copper Creek, 5 mi. north of Mogollon, the district 
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has been progressively developed to the southward, the section centering 
on Mineral Creek having been operated before the discovery of the 
present active area around Silver Creek The mineralized zone extends 
from Copper Creek to Whitewater Creek, being loi- (5-6 km.) long 
and iid. (8.9 km.) wide. The productive area is limited on the east 
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by a prominent north-south vein known as the Queen; on the west the 
limitation occurs through diffusion of the veins, although several promi- 
nent, but not extensive, veins lie along the western boundary. 

Histoeical Outline 

In 1875, Sergt. J. Cooney noted the presence of copper-silver ore in 
the MogoUon mountains, and in the following year he and six others lo- 
cated and operated claims on Mineral Creek. In April, 1880, Victorib’s 
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band of Apaches raided the settlement and Cooney was killed. The 
village of Claremont was established on Copper Creek soon after Sergt. 
Cooney’s discovery, and the town of Cooney on Mineral Creek soon 
became the center of mining activity. The early production was con- 
fined to the shipment of rich copper ore which was found near the surface 
on Mineral Creek. Prospecting resulted in the discovery of the silver 
veins to the south, and in the establishment of the town of MogoUon on 
Silver Creek. These later discoveries led to the development of the most 
productive area of the district, and practically no attention has been paid 
to the older sections for 10 years. Improvement of metallurgical proc- 
esses stimulated the development of the district, and after the introduc- 
tion of the cyanide process at the Silver Creek miUs, mining activity was 
at its height from 1905 to 1912. During the last few years, operations 
have been limited practically to the Socorro Mining and Milling Co., and 
the MogoUon Mines Co., although some work has been conducted by 
development companies, of which the Oaks Company and the Alberta 
Development Co. have been the most important. 

Geology op the District 

General Geology .^ — ^Western New Mexico was undergoing marine 
sedimentation until the close of the Cretaceous period, when a great uplift 
took place; that there was long era of erosion is proved by the broad 
Eocene sediments in the northwestern part of the state. In the late 
Tertiary, apparently great adjustments occurred in the earth’s surface, 
accompanied by violent volcanic activity; this produced great extrusions 
of andesite, and then discharges of more acidic rhyohtes and ashes. 
In the MogoUon Mountains, the adjustments foUowing this period of 
volcanic activity resulted in this fissuring being generaUy east-west and 
north-south. The faulting was apparently eastward, whereby the older 
rocks are now exposed on the present surface toward the west; the throw 
of the faults was not very great, however, and the older rocks are at no 
great depth in the eastern part of the district. 

The volcanic flows which constitute the backbone of the MogoUon 
mountains are probably underlain with Paleozoic granites, gneisses and 
schists, judging from evidence in the Black Range, to the southeast. 
The thickness of the extrusions cannot be approximated; a vertical range 
of 5000 ft. is evident in the area, and it is reasonable to suppose that the 
series wUl be found at least 1000 ft. below the present deepest mine work- 
ings. The center of eruption is difficult to determine, but the facts that 


* Tbe geology and ore deposits, and the mining devdopments of the MogoUon 
district up to 1905 are described in “The Ore Deposits of New Mexico,” U. S. Geol. 
Survey Prof. Paper 68 (1910) 18, 42-47, 68-71, 191-204. See also XJ. S. Geol. 
Survey BvH. 285 (1906), 118. 
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the later rhyolitic rocks are more abundant, and that the only known 
mineralized area is in the western section of the Mogollon range, make it 
probable that the center was not far from the present mining district. 
No other workable ore deposits are known within 30 mi. to the west, 
north, or east of the area under discussion. 

Stratigraphy. — ^The rocks of the district are exclusively igneous, and 
all are varieties of andesitic and rhyolitic flows, lying in nearly horizontal 
beds. The andesite grades into a basaltic rock, and there are various 
exposures of basalt dikes. A formation resembling sandstone is found in 
a few localities, very limited in extent, but microscopic examination 
reveals that it is composed of andesite grains with a siliceous cement; 
this rock is directly related to the andesite near which it is found, and 
represents merely a recent erosion phase of the andesites. 

Rock Types. — For purposes of identification, the various flows may be 
classified under 13 distinct types, most of the varieties representing 
different phases in the history of both effusive and intrusive rocks. They 
are listed as follows, in the order of their apparent age : 

1. Diabasic or opiitio andesite (oldest flow). 

2. Lower andesite. 

3. Ehyolite; sphemlitic type. 

4. Andesite; e3ctrusive. 

6. Fragmental rliyolite. 

6. Andesite-Cupper/' olivine. 

7. Volcanic ash; consolidated a.s rhyolite. 

8. Eastern andesite. 

9. Andesite agglomerates. 

10. Tuff; andesitic sandstone. 

11. Tuff ; rhyolitic. 

12. Basalt (iokes. 

13. Glasses. 

Ande^tes, — The andesitic rocks, of which there are three distinct 
and easily recognizable varieties, have been variously identified as latites, 
trachytes, olivine basalts, and andesites. All are andesitic in appearance, 
but they can be distinguished by chemical analysis and microscopic 
examination. The high potash contents, over 3 per cent. K 2 O, as 
determined by W. T. Schaller,® has led some to classify these rocks broadly 
as latites. Certain varieties, notably No. 4 and 6, when studied under 
the microscope, give every evidence of being an olivine basalt. 

The andesite rocks are either chocolate brown or dark olive green in 
color; they may be fine-grained, or so diabasic in structure as to resemble 
adiabase;or in certain localities so amygdaloidal as to look like aminiature 
pudding-stone. Alteration of the wall rocks of certain veins has con- 


* U. S. Geol. Survey Prof. Paper 68, 193. 
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verted the andesite in some places into seams of pale-green gouge. At 
the lowest horizon reached in mining, a distinct variety has been rec- 
ognized, No. 1, or diabasic andesite; this has well developed feldspar 
phenocrysts, soda feldspars, probably in excess, and a rich augite or 
hornblende groundmass. It is diabasic in appearance, except that the 
feldspars are more feathery and less regular in shape than in typical 
diabase. It is possibly the interior phase of a great extrusive sill, the 
outer parts of which are the olivine basalt and amygdaloidal andesites; 
there is reason to believe that this rock is common to the whole under- 
lying basement of the district. The change from the greenish-brown 
andesite to this diabasic andesite is very marked in the lowest part of 
the Fanny mine, the transition being especially noticeable in the main 
shaft at a depth of 1145 ft. (349 m.). Although exposures of its contact 
with the overlying andesite are infrequent at present, it does not appear 
that the upper is intrusive into the lower andesite. 

Rhyolites . — ^By comparison with rock types in eastern Socorro 
County, and by examination of the deeper rocks of this district, it seems 
highly probable that the rhyolites are younger than the andesites in this 
district. Although the flows of andesite and rhyolite alternate in the 
upper exposures, the more basic andesite generally precedes the acidrhyo- 
lites. The rhyolites have three distinct characters, resulting from their 
different origins — spherulitic, fragmental, and hard siliceous; all give 
evidence of a period of violent volcanic ejectment, fragments, breccia, 
and ash being their common constituents. Only one variety of rhyolite 
exhibits the marked flow structure that is usual in this rock; this is a 
very acid surface flow, sometimes called the “Fanny rhyolite,'’ which 
is spherulitic and rather vesicular. It has every appearance of a surface 
flow. 

Following the andesite called No. 4, the rhyolites show marked frag- 
mental and ashy structure, this suggesting that prior to this period the 
extrusions of both rhyolite and andesite occurred as gentle surface flows. 
Some exposures show a bedded rhyolitic ash, which is useful locally as a 
building stone. Included in this later series, but of small thickness, are 
several beds of an andesitic tuff, greenish-gray in color, with abundant 
fragmental material. In the southern part of the area, and also in some 
of the deeper mine workings, a rhyolite occurs which is difficult to classify. 
It resembles a cemented ash, highly siliceous and very hard; it is said to 
reveal a spherulitic structure under the microscope, and this fact, together 
with its location in one of mines, suggests that it is an intrusive rock. It 
is the hardest rock encountered in the district, and is locally designated as 
“Pacific ” rhyolite. 

Basalt Dikes . — The relatively unimportant exposures of basalt indi- 
cate that the rock is of the intrusive-sill type, with occasional variation 
to the dike form. The principal exposures axe on the northern wall of 



DAVID B. SCOTT 


295 


Cooney canyon; there are a few dike exposm-es in Silver Creek and 
Whitewater canyons. The basalt is generally gray or black, and very 
fine-grained. It evidently belongs to a later period of activity , and, where 
exposed as sills, is well above the “upper” andesite. 

Glasses . — A glassy rock, probably a phase of the gentler rhyolitic 
extrusions, is found in a limited area in the extreme southern part of the 
area. It is black, and some varieties approach true obsidian. The 
best exposures are found in Whitewater canyon, above its junction with 
the south fork of the creek. 


Oee Deposits 

General Features . — The ore deposits may be classified as Tertiary 
mineralizations in rhyolite and andesite. The veins are all of the fault- 
fissure type, and the predominant filling is quartz and calcite. 

Practically all of the profitable miriiTig has been limited to those veins 
which have a general east-west strike. A few of the minor north-south 
veins have been exploited to some extent, and on one of them a small 
mine, the Pacific, was developed. The two most interesting features 
of these veins are the mineralization of wall rocks, and the indefinite 
distribution of ore deposits. The fault fissures originally contained 
considerable brecciated material, and this has been largely replaced by 
the mineral-bearing vein filling. The period of fissuring was evidently 
closely followed by the appearance of mineralizing solutions. The veins 
are often of the open type, containing cavities and druses, and the 
valuable minerals occur in a finely divided form. The dip of the veins 
is rarely less than 65°, the principal veins being aU close to 70°; those 
having a dip to the north predominate over those incUning to the south. 

To the east and to the north of the Mogollon district the country 
rocks exhibit httle variation in character over a large extent of territory, 
but there is a complete absence of mineralization and of vein systems. 
The Queen vein apparently hmits the mineralized area on the east. 

The vertical range of exploration thus far attained is approximately 
1700 ft. (518 m.), but there is reason to believe that mineralization 
extends to depths below the present workings. The extensive faulting 
and the persistence and strength of many of the veins are promising 
indications of a downward extension of the deposits. The great depth to 
which oxidation has penetrated, 1200 ft. (366 m.) in the Fanny mine, 
indicates the open character of the deposits. 

Vein outcrops are no indications of ore deposit? in this locality. 
Many of the richest orebodies, notably in the Last Chance mine of the 
MogoUon Mines Co., and in the Fanny mine of the Socorro Mining and 
Milling Co., did noft reach the outcrop. Conversely, some promising 
surface deposits on the strong Enterprise or "King vein, in the western 
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part, gave evidence of failing in depth. The highly siliceous character 
of some of the veins, notably in the Mineral Creek area, has preserved 
their outline, and they project above the enclosing wall rocks on the 
surface; this is particularly true of the Queen vein. Many of the prof- 
itable veins, however, are oxidized to such an extent that the erosion of 
their outcrops easily keeps pace with the disintegration of the wall rocks. 
Intersections of veins are common, but their influence on ore deposition 
depends entirely on the strength of the mineralizing solutions; some of 
the intersections show notable mineralization, while others are peculiarly 
barren. 

The veins, almost without exception, contain copper, but usually 
only a trace; at several localities, notably in the Cooney mine, copper 
becomes more important. Traces of copper are found at every horizon, 
and in every variety of vein filling. The occurrence of the commercial 
copper deposits is not essentially different from that of the silver-gold 
deposits, but copper deposits are not of large horizontal or vertical extent 
anywhere in the district. 

Vein Characters— The vein filling is fairly uniform through the entire 
district; being composed of quartz, calcite, and fluorite,^ in order of 
relative abundance. The quartz varies through crystalline, massive, 
and hackly varieties, and in some localities the vein fiUing is entirely of 
chalcedony. Some veins are so dense that oxidation has been imable to 
penetrate. This is a feature of the ore-bearing zones in the Queen vein; 
here the sulfide mineral, probably entirely argentite, is exposed at the 
outcrop and where disclosed underground is found in irregular banding. 
The best ore in the Queen vein is invariably associated, in the upper 
horizons, with this hard cherty texture. This has been turned to prof- 
itable account by using the rock for tube-mill pebbles in the Socorro 
company's mill. 

The inclusion of wall rock in the vein filling, and the replacement 
of these inclusions by the mineral solutions are pronounced in the Fanny 
and Last Chance veins. Where these inclusions are numerous, the ore 
is often of good grade, as the sulfide particles appear to surround the 
fragments in a selective manner; this is particularly true of andesite 
fragments. In other sections of the same vein, the filling may be com- 
posed entirely of white quartz and calcite of moderate hardness. 

The fissures which contain the veins are usually distinct and clean, 
and of fairly uniform width, tending to indicate that they originated from 
deep forces and are therefore not shallow. Zonal shattering, which is 
more characteristic of shallow fissuring forces, is seldom observed close 
to the veins of this district. The Fanny, Last Chance, and Queen veins, 
especially, show a marked regularity in dip and persistence to a depth of 
at least 1200 ft. (366 meters). 

Several of the veins, among them the Fanny, show a branching and 
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dissipation at their western extremities. The layers of andesite and 
rhyolite, in this particular zone, are composed largely of tuffs and brec- 
cias; the predominant mine rock in the western end of the Fanny mine is 
rhyolite, mostly of the fragmental variety. These tuffs and breccias, 
unless greatly altered, would not be favorable for the forming of strong 
definite fissures which would remain open during the process of vein 
filling. While a strong fissure might be indicated at the surface in the 
silicified rocks, exploration at lower horizons in the series of tuffs and 
breccias might discover a series of feathered and branching veins; this 
is the case in at least one prominent instance. 

Alteration and Oxidation of Wall Rocks . — Both andesite and rhyolite 
close to the veins show many evidences of alteration and secondary 
mineralization. The texture of these rocks was evidently favorable to 
penetration by thermal waters, and the effects noted are those due to 
alteration, silicification and pyritization. Andesites, notably the dark 
brown varieties, show propylitic alteration. The rhyolites give abundant 
evidence of silicifying processes, and these evidences are very noticeable 
in the ashy varieties at considerable distances from the veins. Many 
smaU crevices are filled with quartz, and in a long hanging-wall crosscut 
in the Fanny mine, stringers in the silicified rhyolite carry silver values 
more than 300 ft. (91 m.) from the vein. The lower andesite, as revealed 
on lower levels of the principal mines, shows evidence of great chemical 
action at distances of 100 ft. and more from the veins. Mineralization 
of the wall rocks to a profitable extent is found in several instances in 
both the silver and the copper deposits. 

Oxidation of the vein materials themselves is also very noticeable at 
depth. In certain localities, mentioned later, leaching has occurred 
many hundred feet below the outcrops, with possible reconcentration. 
The surface oxidation in these veins does not reveal much of interest. 
There is no great variation in the ratio between gold and silver near the 
surface and deeper down. Throughout the mines, water courses and 
accompanying mud seams are found, sometimes at depths as great as 
1400 ft. (427 m.) below outcrop. In some districts, silicification of wall 
rocks has been found favorable to ore deposition; while this is more or less 
true m the Mogollon deposits, it cannot be considered as a sure ore 
indicator. 

Silver^old Veins . — Both silver and gold are found in all the veins in 
the district. The principal silver-bearing veins are the Last Chance, 
Maud S., Little Fanny, Independence, Johnson, Cooney, and Floride. 
Between these veins, occasionally having a strike nearly at right angles 
to them, are others of less importance, notably tfie Pacific and the Comet. 
At present, mining is confined to the east-west veins which, with one 
exception, dip to the north. Most of the east-west veins show a marked 
curvature to the south near their junction with the Queen vein on the 
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east. The Last Chance parallels the Queen vein, near the junction, and 
the Deadwood mine is located upon this southerly extension. 

Copper Veins . — The Cooney vein is the only prominent example of 
copper mineralization yet developed in the district. This copper deposit 
is localized near the junction with the Twig vein, and is a peculiar deposit 
of almost certainly primary chalcocite, bornite, and ehalcopyrite, be- 
tween andesite walls. The other occurrences of copper occur chiefly 
between andesite walls, with extensive copper mineralization of the rocks. 
Copper deposits in andesite may usually be viewed with suspicion, as 
they are notably pockety and uncertain; the Cooney deposit yielded a 
large tonnage although it had small lateral extent, and it was rich in 
silver and gold, a feature which is noticed in the other capper deposits of 
the district. 

Mineralogy of the Veins . — The principal silver mineral is argentite, 
which is usually finely divided. Native silver, cerargyrite, bromyrite, 
and stromeyerite have also been noted. The stromeyerite may possibly 
be classed as an argentiferous chalcocite, excepting that its copper con- 
tent, by actual analysis, does not much exceed 30 per cent.; this mineral 
has been found rather abundantly in the Johnson and Cooney mines. 
Native gold has been found, the most striking occurrence having been in 
small andesite deposits; the gold in the principal veins is usually invisible 
and commonly associated with the iron minerals. Fluorite, calcite, and 
quartz are found in crystals; the fluorite, which is present in all of the 
east-west veins, is green and purple in color. Hackly quartz in very large 
and showy specimens was found in the old Cooney mine. 

The copper minerals have been determined as chalcocite, bornite, 
ehalcopyrite, malachite, azurite, and occasional cuprite. Some occur- 
rences of a mineral resembling tetrahedrite have been seen. Pyrite, 
both cupriferous and normal, is present in considerable quantities, es- 
pecially in the andesite wall rocks; it is also found in the veins. 

Secondary Enrichment— Evidences of secondary enrichment are 
few, and it is probable that there has been more nugration than enrich- 
ment. The only indications of secondary enrichment are the preva- 
lence of iron nainerals in the veins and the apparent migration of values. 
It is known that silver can be precipitated from solution by pyrite and other 
sulfides. In the occurrences of redeposited values so far observed in these 
mines, however, there is little to support the idea that the primary min- 
erals have been enriched or that the minerals usually accessory to 
enrichment are present. The gold may be associated with the silver 
minerals, or it may be entirely free; it * has doubtless been subjected 
to some secondary action. Ferric iron is capable of dissolving gold, but 
large areas of the veins in the developed mines have quite evidently not 
been subjected to any leaching or secondary action. 

Values and 'Various orebodies have produced many thousand 
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tons of ore running well above 30 oz. (933 gm.) of silver per ton. The 
values do not show any regular gradation from low-grade to high-grade 
ore. The vein material is either very low-grade, having a silver content 
of 2 to 3 oz., or it runs above 7 or 8 oz. (235 gm.) per ton; there are no large 
deposits of ore which average just under the limit of profitable mining. 
The upper limits are variable; considerable high-grade ore has recently 
been mined in the Last Chance and Fanny mines, running from $20 to 
$40 per ton. In the earlier days, the extensive deposits of ore found in 
the’^upper 900 ft. (274 m.) of the mines, carried from 30^ to 40 oz. (avg. 
950^gm.) of silver per ton. 



Fig. 3. * 

The veins do not afford positive proof of much impoverishment in 
depth. The ores in the lower levels are often very low-grade, but in 
the deepest level of the Fanny mine is found what appears to be the top 
of an orebody canning values which compare favorably with any found 
900 ft. above this horizon. This district has not hieen developed to 
sufficient depth to show positive evidence of general impoverishment; 

The ratio of silver to gold, by weight, ranges from 33:1 to 84:1; the 
inay be regarded as 50:1. When the silver content is ,abpye 
lO^pz; (840 j^tio; and t||e.h|^eet- 

g^df ;^T|^i^oubMng,in,th^ ^p:^ice^<>£ 
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silver within recent years has therefore meant an increase of 60 per cent, 
in the average value of the ores of this district. 

Extent and Size of Orebodies . — The zones of profitable mineralization 
are rather well defined; they are often as long as they are deep; they are 
irregularly distributed throughout the veins; and they bear no definite 
relation to one another. In fact, the ore shoots are extremely puzzling 
in outline, and their extensions vertically or laterally can never be pre- 
dicted with certainty. Large ones have been found, oneintheLast Chance 
mine having produced 145,000 tons of ore. Many of them have been 
from 300 to 400 ft. (91 to 122 m.) in length, and some of these long shoots 
have bottomed nearly horizontally along their entire length. 

The orebodies in both of the principal mines are notable in one par- 
ticular; they are situated at a horizon which contains a change and a re- 
versal of the wall rocks. That is, they are foimd in greatest development 
where the rhyolite is succeeded by andesite on the foot wall, and where the 
hanging-wall andesite is underlain with rhyolite. Above and below this 
change in wall rocks, and at no great distance from it, have been found 
the best orebodies of the district. This change in opposing waU rocks is 
due, of course, to faulting, the throw of the principal faults, being from 
450 ft. (137 m.) to nearly 700 ft. (213 m.). The principal deposits have 
been found under two conditions: with the upper andesite as hanging wall 
and rhyoKte as foot wall; or with the lower andesite for foot wall and a 
rhyolite hanging wall. The latter combination has produced almost 60 
per cent, of the stoping area of the Fanny vein. Taking the Fanny mine 
as a further example, we find that the zone having a rhyolite foot waU and 
andesite hanging wall, which is the upper 500 ft., jrielded ore of profitable 
grade from 28 per cent, of its total area; the next zone, having andesite 
foot wall and rhyolite hanging waU, about 450 ft. in vertical extent, 
contained minable ore in 47 per cent, of its area. The bottom zone, 
generaUy with andesite on both walls, contained profitable ore in 1 3 per 
cent, of its area. This example is believed to be fairly characteristic 
of the district. 

Ore Indicaiors . — The variations in the character and the mineraliza- 
tion of the veins are so great that persistent development along the whole 
length of a vein is essential. It has been noted frequently that where 
numerous stringers from the vein make off into the walls, there is likely 
to be an orebody in close proximity. A widening of the vein is more 
hfcely than not to be accompanied by good values. The presence or 
absence of either fluorite or calcite has no significance; the latter mineral 
itself seldom contains values greater than $1 per ton. The appearance 
of the vein, the presence of banding or ribbon structure, such as is noted 
in some of the valuable deposits, and the crystallization of the gangue 
minerals, have little relation to the values. In exploration work, there- 
fore, nq isolated occurrence of values in the vein can afford to be over- 
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looked; the driving of a short raise on a promising streak in an other- 
wise unpromising vein has often resulted in ‘the development of a 
valuable orebody. 

MimNG Developments 

The developed areas may be divided into two groups: the Silver Creek 
and the Cooney. The first group contains all of the properties now ac- 
tive, and includes probably 95 per cent, of all the development that has 
been done in the district. It is also the section from which 85 per cent, 
of the total gross production of the MogoUon district has been derived. 
In all, 13 mining companies have been in active operation in the district 
at one time or another. There have been 10 reduction plants, and six 
of these are now operating. The extraction processeshavepassed through 
pan-amalgamation, coarse sand leaching, and stamp-mill crushing, to 
the ball-mill grinding and slimes treatment as practised in the most 
recent mill. 


Silver Creek Group 

MogoUon Mines Co . — The properties of this company are situated at 
the southerly end of the vein system. The principal mine, the Last 
Chance, holds the record in the district for continuity and productiveness. 
Production has come almost entirely from the Last Chance vein, and the 
developed orebodies have been found in the Last Chance and Top claims. 
This company is now operating the extension of its vein in the ground of 
the Treasure Mining and Reduction Co., and in that of the Deadwood 
Mining Co. The recorded production of the MogoUon Mines Co., for 
the last 25 years, has been about $7,500,000. 

The company owns a 40-stamp cyanide mill, of 200 tons per day 
capacity. Some of the values are recovered by concentration, but the 
principal extraction is effected by leaching, and by agitation in small 
Puchuca tanks. Precipitation on zinc shavings is foUowed by reduction 
in the refinery to bullion averaging above 900 fine, which is shipped as 
the finished product. The company operates its own electric generating 
plant, which is equipped with De La Vergne oil engines of 500-hp. rated 
capacity, and has been in successful operation for eight years. 

The Last Chance mine is opened to a depth of 900 ft. (274 m.) on the 
incline below its main tunnel level, and the vein has been developed 
through a total vertical range of 1700 ft. (518 m.). The main entry is 
by a tunnel above the upper end of the mill. A modern hoisting plant 
was instaUed three years ago. The hoist and the storage pockets are 
underground, and the ore is trammed to the mill ore-bins. Develop- 
ment below the tunnel level is principally by levels 200 ft. (61 m.) apart 
on the dip of the vein. Below the 900-ft. level, diamond drUling has 
failed to indicate any promising ore shoots. 
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All of the development has been confined to the Last Chance vein, 
with a few handred feet of exploration on the Queen vein. Longitudi- 
nally, the development covers about 2000 ft. (610 m.) on the vein, w’hich 
is nearly east-west. The east end of the mine will eventually be con- 
nected with the workings of the Dead wood mine, and present plans con- 
template connection of the 500 level with the Confidence workings on the 
west end. These plans will make continuous all of the mine workings on 
the longest productive vein in the district. 

The wall rocks of the Last Chance-Confidence vein are clearly de- 
fined. The foot wall is a siliceous rhyolite for 600 ft. (183 m.) on the dip 



Fig. 4. — ^Looking south iisr the Mogollon Mountains. Plant of the Moqol- 
LON Mines Co. in the center. 


below the outcrop. This is underlain by an olivine andesite, which con- 
tinues to the lo west workings of the mine. The hanging Vail in the upper 
700 ft. of the vein is andesite, followed by a rhyolite flow 650 ft. (168 m.) 
thick, which is underlain by the lower andesite; andesite therefore com- 
poses both walls below the 600 level. The contact between rhyolite p,nd 
andesite flows is said to dip 12‘' to the west. The vein is one of the 
strongest, and in the early days, was the richest in the district. Its dip 
is fairly regular, at 70^^ to the north. The vein width ranges from 4 to 
6 ft. (avg. 1.5 m.), but some stopes have been carried to a width of 20 ft. 
(6 m.). It is generally regular in strike, and contains notably few splits 
and horses; only one split, recently encountered, has been observed. 
Upon its approach to the Queen vein on the east end, the vein curves 
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sharply to the south and parallels the Queen, the separating wall rock 
not exceeding 20 ft. in thickness. Along the bend of the Last Chance 
vein are found relief cracks in the hanging wall, radiating normally to 
the curvature. 

Hard quartz, calcite, and andesite breccia predominate in the filling; 
there is also some fluorite. The fragments of waU-rock breccia are often 
completely replaced by the vein matter, and the andesite fragments fre- 
quently are surrounded by concentric banding of silver sulfides. This 
brecciated character is found in most of the best ore shoots, a feature also 
noted in other mines of the district. Small pockets of bornite and chalco- 
cite are encountered occasionally, which invariably run high in gold and 
silver. Oxidation of the vein is marked at depths of 800 and 900 ft. 
(274 m.) below outcrop. In a recently opened section on the west end 
of the 600 level, there was strong evidence of extensive oxidation and 
possible migration. 

The ore zone, in general, has been found to extend from 100 ft. (30 m.) 
above the change in foot wall rocks to about the same distance above 'the 
change in hanging-wall rocks; i.e., above the change from rhyolite to 
andesite in each instance. The bottom limit of ore so far developed lies 
from 900 ft. to 1100 ft. (335 m.) below the outcrop. The lower levels are 
entirely in andesite, and the orebody on the east end of the 700 level has 
andesite walls. Development on the 900 level revealed a strong vein 
6 ft. wide, within andesite walls, but without extensive mineralization. 
The ore shoots are generally vertical, and there have been five distinct 
and highly productive ones; the largest, No. 2, produced 145,000 tons of 
ore. All of them have occurred above the 700 level, or less than 1400 ft. 
(427 m.) below the outcrop. The mine is notably dry throughout its 
entire extent. 

Socorro Minmg and Milling Co . — ^The property of this company in- 
cludes 66 mining claims, the principal mine workings being the Fanny, 
the Johnson, and the Cooney. The company has operated since 1909, 
and previously the various units of the property were under development 
as far back as 1893. The Fanny is the largest mine in the district, and 
has furnished nearly the entire production of this company; its total 
production of gold and silver, to date, has been $4,869,000. 

The main plant, situated high on the north side of Silver Creek 
canyon, has a capacity of 250 tons per day. Crushing is done in Hardinge 
ball-miUs and in tube-mills, followed by agitation in 45-ft. Pachuca 
tanks, and finally filtration and zinc precipitation. The bullion has 
frequently exceeded 930 fine. Power is developed by four De La Vergne 
semi-Diesel oil engines, having a total sea-level rating of 960 hp. The 
hoisting equipment includes a 6-ton electric hoist, 76-ft. steel headframe, 
and 13»^-ton skips, which deliver to the crusher ore-bins. The crushed 
ore is delivered by belt conveyor to the mill ore-bins. 
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The Fanny vein has been the principal source of production; this 
belongs to the east-west series, and differs from all of the other productive 
veins by dipping to the south. The vein has been mined continuously 
for 2700 ft. (823 m.) along its strike, and the workings extend to a depth 
of 1400 ft. (427 m.) below the highest outcrop, but only 1200 ft. (366 m.) 
below the average surface. The wall rocks are essentially like those in 
the Last Chance mine, except that a greater variety of andesite is rep- 
resented. One type of andesite, diabasic in structure, which is found 
in the foot wall of the 1100 level, is essentially different from any type 
encountered elsewhere, except in the bottom of the Cooney mine. The 



Fig. 5. — Main plant of the Socorro Mining and Milling Co., Mogollon, New 

Mexico. 


vein has been mined in places to a width of over 20 ft, (6 m.); the width 
decreases somewhat with depth, although on the 1100 level a 14-ft. 
orebody was found. There are several interesting splits which have 
furnished large ore deposits. 

The Fanny mine is developed by a 1200-ft. vertical shaft, with levels 
at 100-ft. intervals, its upper 800 ft. being in the hanging wall. The 
lowest level, the 1200, is about 200 ft. (61m.) lower than any other ac- 
cessible workings in the Silver Creek group. Developments to the west 
have indicated a feathering of the vein, while the ea’St end has not been 
developed to the Queen vein; the productive length is therefore limited 
to 2400 ft. (732 m.). Development includes 46,200 ft. (14,282 m.) 
of drifts, raises and shafts, and the total area of vein blocked out by 
this work is 2,800,000 sq. ft. (260,130 sq. m.) of which 33 per cent, is 
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considered minable. On the basis of tonnage produced, the average 
mined width for the whole mine is 6.5 ft. (2 m.). 

The orebodies are notably irregular and suggest no origin from a com- 
mon center. Nearly the whole production has come from above the 900 
level. Below the 300 level, the vein shows a division into two distinct 
productive areas, separated by a barren zone 400 ft. in horizontal length. 
The eastern zone is the larger, the ore having been fairly continuous for 
900 ft. (274 m.), while the western zone is less regular and only about 
600 ft. (152 m.) long; the depth of both zones is about 550 ft. (168 m.) 
on the dip of the vein. Above the 300 level, a third productive zone 
showed ore for a distance of 1400 ft. (427 m.) and depth of 260 ft. (76 m.). 
The lower areas are separated from the upper by a horizontal barren zone 
nearly 200 ft. high. Indications of undiscovered ore deposits at the east 
end and below the IlOO level are not lacking. 

The Fanny vein occupies a faulted fissure, which has a displacement 
of 400 ft. (122 m.) on its east and 550 ft. (168 m.) on its west end. The 
contacts between rhyolite and andesite are nearly horizontal; a series of 
small cross-faults, however, causes an apparent step series on the west end. 
A section across the vein at the' eastern end of the mine (Fig. 3) shows the 
foot wall to have a thin strip of andesite at the top, followed by a rhyolite 
flow 660 ft. (201 m.) thick. This is underlain by the lower andesite, 
which, after a thickness of 600 ft., grades into an andesite having a struc- 
ture resembling diabase. The hanging wall is capped by a rhyolite, 
underlain by 600 ft. (183 m.) of the upper andesite; this is followed by a 
siliceous rhyolite corresponding to the foot-waU rhyolite, and below this is 
the lower andesite. The zones of mineralization are found immediately 
above and below the changes in the waU rocks. The levels below the 900 
are in andesite entirely, and good ore has been mined in this horizon. 

At the Johnson mine, operated by the Socorro company, develop- 
ment consists of two inclined shafts, 400 and 450 ft. (137 m.) deep respec- 
tively, and 7700 ft. (2347 m.) of drifts, exploring the vein for a length of 
1800 ft. (550 m.). The vein is a narrow east-west lode in andesite. A 
junction of veins in the west end of the mine has afforded a narrow ore 
shoot of high-grade silver ore, and a nor^bh-south vein, near that locality, 
has produced some high-grade copper-silver ore; the latter occurs in 
irregular deposits between andesite walls, and is not believed to be 
persistent. 

The Socorro company also has workings on the Queen vein, although 
the low grade and extreme hardness of the ore make its treatment expen- 
sive. This vein, as developed in the Consolidated workings, shows a 
width of at least 90 ft. (27 m.), but the valuable portion is limited to 10 
ft. (3 m.). The hanging-wall side of the vein is composed of barren 
calcite, and the foot-waU side largely of chalcedonic quartz. The values 
are irregularly distributed, but the vein is estimated to yield minable 
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ore valued at $3 to $6 per ton. Reserves of such ore are large, but 
unprofitable for the present. 

The Deadwood Mining Co. — This property adjoins that of the Mogol- 
lon Mines Co., and is now under option to the latter. Operations of the 
Deadwood company began in 1905, and produced 44,000 tons valued at 
$325,000 before suspension of its operations. The mine occupies that 
section of the Last Chance vein which is adjacent and parallel to the 
Queen. It has a SO-ton cyanide plant, and a De La Vergne oil-engine 
power installation. Mine development amounts to 4500 ft. (1372 m.), 
reaching a depth of 500 ft. and length of 1550 ft. (472 m.) by a vertical 
shaft from which crosscuts are driven on five levels. Although the vein 
was unusually wide, 30 ft. (9 m.) in some places, the mining width was 
only 7 ft. (2 m.), and the foot-wall side always carried the best values. 
Only one occurrence of copper ore was found,and this was in the foot-waU 
andesite, away from the vein. 

Three orebodies were developed, of which the largest was 350 ft. 
long and 300 ft. high (107 by 91 m.). The vein is on the foot-wall side of 
the Queen, and at a distance of 10 to 15 ft. from it. The relations of the 
waU rocks suggest that it is really a part of the Queen vein, but there has 
not been enough development to determine whether the hanging-wall 
component of the fault has been displaced along the Deadwood-Chance or 
along the Queen vein. The principal ore zone in the Deadwood mine was 
found below the 215 level, entirely within that section which had a 
rhyolite hanging wall and an andesite foot wall. 

The Confidence Mine. — ^This prpperty, now operated by the Mogollon 
Mines Co., has produced ore worth $1,200,000 from a' limited area. 
The mine occupies the westward extension of the Last Chance vein, and is 
developed to a depth of 950 ft. (290 m.) below outcrop, and for a length of 
2000 ft. (610 m.), mostly above the 450-ft. level. The principal orebody 
was mined to a width of 10 to 15 ft., and from its bottom to the surface. 

The Maud S. Mine. — ^The gross production of this property is given 
as $800,000, ranking fourth in the district. The vein is a strong east- 
west lode north of the Last Chance property, and near the bottom of 
Silver Creek canyon. It dips to the north, and flattens to nearly 60° in 
places. Development extends 1500 ft. lateraEy and to a vertical depth 
of ’ 625 ft. (190 m.). The main orebody, originally developed from a tun- 
nel, was nearly 1000 ft. long and 500 ft. (152 m.) high. The highly sili- 
ceous rhyolite foot wall forms a prominent topographical feature on the 
north side of Silver Creek. 

The Alberta Development Co. — ^This property, still only a prospect, is 
located on 'the Ida May vein, which strikes a little south of east, and 
lies to the north of the Fanny vein. Development consists of a 400-ft. 
tunnel to the vein, and about 500 ft. of drifting, which shows a rhyolite 
foot waU and an andesite hanging wall, The vein is hard and. siliceous. 
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with prominent ribbon structure, and in close proximity to its junction with 
the Independence vein there is e\ddence of considerable mineralization. 

The Pacific Mine . — ^The Pacific workings occupy a north-south vein 
which intersects the Confidence vein in the vicinity of the Confidence 
mine, and are credited with a production of $200,000. The vein is narrow, 
and has been developed, on five levels, 1200 ft. laterally and 505 ft. 
vertically. Entry is by a tunnel, with an inclined shaft which descends 
385 ft. (117 m.) on the vein below the tunnel level. At surface both walls 
are andesite, but below the tunnel level the foot wall changes to rhyolite. 
The orebodies have been erratic, but the ore, where found, has been of 
sufficient value to pay for the excessive development charge which accom- 
panies a mine of this character. Very little ore has been found below 
250 ft. from the surface. 

The Oaks Co . — This company holds several small properties for 
development, among them the Clifton, Eberle, and Deep Down mines; 
it also holds, under working agreement, the Maud S. and Pacific mines, 
previously described. The Clifton includes a little work on the Queen 
vein, which has indicated good values. The Eberle is on the Queen and 
also on the southward curve of the Maud S. vein. The Deep Down 
mine, also on the southward curving Maud S. vein, has been developed 
a little at depth. The group is operated through a shaft on the Deep 
Down claim, which is now connected with the old Maud S. workings. 
An interesting feature in this group is the occurrence of profitable ore 
in the Queen vein, as exposed in the Clifton tunnel, and by the southern 
workings on the Eberle claim. 

Other Properties . — ^Among other groups which have been under 
development at different periods may be mentioned the Gold Dust, 
located on the most southerly vein in the district, and developed by two 
tunnels; the vein is reported to have shown exceptionally high gold 
values. The Trilby, located on the eastward extension of the Johnson 
vein, has been prospected with a 250-ft. (76-m.) inclined shaft and a small 
amount of lateral development. The west end of this vein is notable 
for the quantity of fluorite it contains. 

The Cooney Group 

Developments in this area are not extensive, and only one large mine 
has operated successfully. The floor of Mineral Creek canyon is more 
than 600 ft. (183 m.) lower than the bed of Silver Creek. Mineralized 
veins are traceable for several miles to the north of Cooney, and a few 
prospects have been found on Copper Creek, which parallels Mineral 
Creek on the North. The veins in the vicinity of Mineral Creek are 
notable for their copper* values, especially in the eastern portion of the 
group. No active mining has been carried on here since 1913. 
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The Cooney Mine . — ^The Cooney vein was the first source of ore in 
the' Mogollon district, its discovery in 1875 being the first mineral 
location in this part of New Mexico. The vein has a northwesterly 
strike, and curves somewhat to the south as it approaches the Queen 
vein. All of the development is on the eastern end of the vein, at the 
crossing of Mineral Creek. The production credited to this vein is 
valued at $1,700,000, most of the ore being copper-silver. 

The Cooney mine, with its related Peacock mine, is located at the 
junction of the Cooney and Twig veins. Mining was confined to the 
Cooney vein, extending 900 ft. laterally and to a depth of 750 ft. (229 m.) 
below outcrop, the bottom workings being nearly 500 ft. lower in elevation 
than any of the Silver Creek mines. The orebody had an extreme length 
of 250 ft. (76 m). but much of it was restricted to narrower limits. The 
copper values in the upper workings evidently did not persist at great 
depth; it was reported that the horizon 400 ft. (122 m.) below the tunnel 
level showed a preponderance of silver ore. The vein 'varies in width 
from 2 to 50 ft., the extreme widths including a considerable mineraliza- 
tion of the hanging wall. The junction of the Twig vein with the Cooney 
vein is easily seen on the surface, but it is not conspicuous in the mine 
workings. The main ore shoot of copper sulfides was in close prox- 
imity to this junction, and most of it was found to the north of the inter- 
section; only unimportant amounts of copper were found elsewhere. 
The ore consisted chiefly of chalcocite, bornite, chalcopyrite and various 
oxides of copper, associated with considerable silver and gold. It is 
stated that some of the ore, as mined, ran as high as 45 per cent, copper, 
and some of the specimens preserved from this deposit show that parts 
of the vein were nearly pure chalcocite. There is no evidence of leach- 
ing, and little^to suggest secondary enrichment. 

The wall rocks in the upper workings are both andesite, but differing 
in texture, one of them being tuffaceous and the other fine-grained and 
probably approaching latite in relation of the feldspars. Specimens 
from the dump, derived probably from the lower levels now inaccessible, 
indicate that an andesite having the diabase features noted in the Fanny 
mine was found in this mine. The vein matter is mostly hard and silice- 
ous, and much hackly quartz was found in the early days. Prospecting 
on the vein to the south revealed a probable faulting of the Cooney by 
the Twig vein; the Cooney vein is apparently cut off on the south, and 
exploration was never carried far enough to develop its extension. 

Connected with the Cooney mine, on the 4G0 level, is the Peacock 
mine, lying to the northward. A little development has been done here 
on three levels, and irregular deposits of silver ore have been mined. The 
absence of copper is- noteworthy, considering its close proximity to the 
copper mineralization in the Cooney mine. The vein is about 4 ft. in 
width, between andesite walls. The vein filling is quartz-calcite-fluorite. 
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and some very high-grade pockets of argentite have been found. The 
Cooney vein at this point has not yet indicated continuous ore deposits. 

Enterprise Mine . — vein running generally north-south cuts Mineral 
Creek canyon near its western end; this is one of a series of undefined 
north-south veins which traverse the western side of the district, and is 
variously known as the King, Great Western, Slayback, Floride and 
Enterprise. The Enterprise vein is continuous with the Slayback, which 
forms its southern extension. It dips to the east at about 70®, and lies 
chiefly within rhyolitic walls. To the south of Mineral Creek, the vein 
was prospected along a total length of 1100 ft. (335 m.), and over a vertical 
range of 450 ft. (137 m.), without disclosing any considerable values. 
The vein is quite uniformly mineralized with low-grade material; the 
values seem to exist chiefly in highly oxidized pyrite, and are said to con- 
sist principally of gold. Predominance of gold is also noted in the south- 
ward extension of this vein, on the Slayback claim, belonging to the 
Socorro Co.; this part of the vein was profitably worked many years ago, 
but developments were never more than surficial. 

Other Properties of the Cooney Group , — Several small operations have 
been conducted, principally on the silver-gold veins, among which may 
be mentioned the Golden Eagle, the Floride, and the Queen. The 
Golden Eagle, situated on a tributary gulch, south of Mineral Creek, is 
interesting chiefly on account of the predominance of gold, constituting 
70 per cent, of the total value, a ratio of silver to gold of only 9:1 by 
weight. The Floride workings are high on the north wall of Cooney 
canyon, and indicate a strong vein, included mostly within walls of rhyo- 
lite ash. The vein strikes to the southeast, and occupies a very obvious 
fault plane. The Queen mine is on the Queen vein, at the eastern side 
of the Cooney group. The vein, as prospected in this horizon, is hard, 
dense, and highly siliceous, but its chalcedonic character is not so pro- 
nounced as, for example, in the Consolidated workings on the same vein. 
It is stated that considerable ore of profitable grade was disclosed in the 
Queen tunnel, but the workings, which have been intact for over 20 years, 
show no evidence of extensive stoping. The early operators attempted 
to treat this ore by pan-amalgamation, resulting in quick failure. 

Conclusion 

Successful operation in the MogoUon district demands continuous and 
persistent development. Too often development has been retarded until 
it failed to anticipate the requirements of production. An interesting 
approximation as to development standards may be gained by comparing 
the tonnage produced per foot of development work in several of the 
mines: the Fanny averages 10.5 tons per ft. (3.2 tons per m.) of develop- 
ment; the Deadwood, 11.8 tons per ft. (3.6 tons per m.) ; and the Pacific, 
on a narrow and xmreiLable vein, only 1 ton per ft. (0.3 ton per m.). 
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A considerable area of the district awaits exploration, and there is no 
reason for doubting that further work will disclose valuable deposits. 
The district suffers from its remote situation — ^it is probably the most 
detached important district in the Southwest today — ^but it has shown 
great enterprise in solving its own transportation problems. It is a 
potential source of a noteworthy silver and gold production, and deserves 
public interest in the development of its resources. 

DISCUSSION 

H. G. Ferguson, Washington, D. C. — On page 300, Mr. Scott discusses 
the relation of the orebodies to the wall rocks. I think that that is 
less a function of the influence of wall rocks on the solution than of the 
original distance below the surface at the time of ore deposit. It is 
probable that the surface at the time of ore deposition was about 500 ft. 
above the base of Number 11 of Mr. Scott’s tabulation on page 293. East 
of the Queen vein, not shown on Mr. Scott’s map, there is a series of 
veins, similar in position to those on the west, but consisting principally 
of barren calcite. In the extreme western part of the district, the veins, 
as far as developed, have shown rich bodies of oxidized ore at the sur- 
face, but have been disappointing in depth. In the central part, in 
which are the mines described by Mr. Scott, we have practically the full 
zone of original deposition favorably situated for development. 
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Rapid Formation of Lead Ore 

BY H. A ■WnEBLEB, E. M., ST. LOtns, MO. 

(New York Meeting, February, 1920) 

That lead and zinc deposits are the result of prolonged, slow deposi- 
tion is the idea of most students of ore deposits, and in many cases, 
where the ore-bearing solutions have been very weak or the precipitating 
conditions have been very feeble, the ore accumulations have undoubtedly 
taken a long period' of time. As these two vital conditions have been 
subject to great variations in the different mining camps, the following 
example is highly interesting in showing that deposition can be very rapid 
under favorable conditions, geologically speaking, and also extremely re- 
cent. In fact, the writer is inclined to regard most, if not all, of the 
Mississippi Valley deposits of lead and zinc as probably being very young, 
at least not older than Tertiary, if not Quarternary, in age. 

The extensive Joplin lead and zinc district, in southwestern Missouri, 
which is about 60 years old and has numerous mines that were abandoned 
from 1 to 60 years ago, shows that the lead and zinc today are in an active 
condition of solution and redeposition, although these two metals occur 
in the predominant form of sulfides. The mine waters from the older 
and more or less abandoned portions of the district are frequently so 
acid, mainly from the oxidation of associated pyrite, as to necessitate the 
use of wooden pipes and pumps. 

The first boom in the Oklahoma zinc fields, which is the southwestern 
extension of the Joplin district, occurred when ore was accidentally struck 
in drilling a water well. Among the mines then opened up was the 
Mission mine, at Lincolnville, Ottawa County, Okla. This mine was 
opened in 1903 in lean '‘sheet ground,’' or a flat blanket formation of 
chert carrying disseminated zinc blende, or "jack,” and galena. The ore- 
body was very free from iron pyrites and the concentrates were very high 
grade, the "mineral,” or lead concentrates, assayed 80 to 85 per cent, 
lead and the jack, or sphalerite, assayed 60 to 65 per cent. zinc. The 
orebody was very shallow, occurring at a depth of 75 to 95 ft. (22 to 28 m.) 
and very wet, requiring three or four pumps to handle the water. The 
mine was operated until 1914, when it was closed by litigation and 
immediately filled with water. 

The second Oklahoma boom, five years ago, opened up the large, ac- 
tive camps of Picher, Tar River, and Century, which are located 2 to 5 
mi. west of Lincolnville. They are considerably deeper, being farther 
down on the westwardly dipping monocline that emanates from the Ozark 



312 


EAPID FOEMATIOIS' OF LEAD ORE 


Uplift in central Missouri and they all had to contend with very heavy 
reservoir water. The orebodies in these camps occur in a highly fractured, 
more or less parallel series of zones that are very open; and while the 
pumping is exceedingly heavy for one or two years in opening a mine, 
amounting to 1000 to 3000 gal. per min., the inflow is very moderate after 
the reservoir water is exhausted. The Church and Mabon properties at 
Century, mi. northwest of the Mission mine, had a very heavy 
pumping proposition for over a year, but by 1916 the ground water was 
exhausted, since which the Admiralty mine, one of the largest and deepest 
producers of this group, has had barely enough water for its mills. 



Fig. 1. 


On examining the Mission mine in 1916, it was found to have been 
completely drained by the Admiralty mine, 334 distant, and the old 
iron tools left when it was abandoned two years earlier were found to be 
more or less coated with crystals of galena or lead sulfide. These crystals 
ranged from 34o to 34 (0-5 to 12.7 mm.) in size and were intimately 

associated with limonite (hydrated iron-sesquioxide) from the oxidation 
of the metallic iron. Some of the crystals were attached directly to the 
metallic iron,, while others were enclosed in an amorphous limonitic mass 
that adhered tightly to the underljdng iron and contained fragments 
of chert. 

The accompanying full-size photograph of an old railroad spike illus- 
trates the mode or occurrence of this recently deposited galena and the 
spike probably rested on the floor of the drift in the position shown. 
On the upper right-hand portion of the spike is an irregular mass 
of intermixed galena, limonite, and chert sand---the latter in angular 
fragments 34o to 34 (1*27 to 6.35 mm.) in size. On this limonitic mass 

is a well-crystallized cube of galena about 34 size. On the lower left- 
hand portion of the spike is another gale^na crystal in. in size and ad- 
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jacent to it is a piece of chert at least in. long, which probably rested 
on the floor of the drift and is firmly cemented to the spike by limonite. 
On the left face of the spike, small galena crystals }4o to size 

are firmly attached to the spike by a limonite cement and above them, 
resting on top of the spike, is another mass of intermixed galena crystals, 
limonite with small fragments of chert. 

It is not unlikely that the entire spike was covered with galena and 
limonite before it came into the possession of the writer, as the specimen 
had been roughly handled during the months it was an object of curiosity 
in a mining office. The galena decidedly predominates in the limonitic 
matrix and, if scraped off, it would probably assay over 45 per cent, in 
metallic lead — ^possibly over 60 per cent. 

As the time from which the mine was abandoned until it was again 
drained was about two years, we have on this specimen of a 3 in. by 

in. by in. spike a very copious deposition of lead sulfide in a 
period of time that, geologically speaking, is utterly insignificant — ^in 
fact, '^in a few geological moments.’’ The precipitating conditions were 
of course exceptionally favorable, as the metallic iron would quickly de- 
compose any soluble lead salts, whether as sulfate or bicarbonate. That 
the mine waters were extremely dilute seems probable, as the surrounding 
ore deposit was low grade, yielding 1 to 5 per cent, and was very shallow, 
or only 75 to 100 ft. deep. 

It is probable that the mine water was in active circulation during the 
submergence of the mine, especially during the last part of the period of 
deposition. This district is so open with underground channels that 
mining activity in any part of the area would start a movement of the 
reservoir waters, even if there were no natural currents before mining 
was inaugurated, and considerable mining was in progress during the 
entire submergence of this property from 5 to 10 mi. west, or farther 
down on the monocline. In fact, in drilling this area with churn drills, 
the sludge, or comminuted driUings, are frequently washed away, on 
striking openings in the ore-bearing horizons, by the underground 
currents. 

The presence of more or less chert in fragments in the adhering limo- 
nite certainly seems to indicate that the subterranean currents were suffi- 
ciently strong to move sand particles as coarse as J^o to 34 ^til they 
were trapped or arrested by the slimy limonite produced on the spike by 
the decomposition of the lead-bearing solution. 

Another interesting feature brought out by this specimen, is the fact 
that the large ore crystals .do not necessarily mean slow growth. For 
while most of the galena occurs in small crystals, ranging from 34 0 
in size, at least two crystals are 34 in size and one of the latter — on top 

of the specimen — ^was one of the latest to be formed, as it rests on top of .a 
mass of the limomte-galena mixture. 
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The evidence of this Mission mine leaves no doubt as to the orebodies 
of this district being a case of descension and that the ore horizons are 
steadily being lowered as erosion slowly planes away the surface. Since 
the Mission mine was reopened in 1916, it has been necessary to drill to 
a depth of 300 ft. to obtain suflBlcient water to operate the concentration 
mill, although it produced a great excess at 100 ft. in 1904, which was 
before the mines to the west and farther down on the gentle monocline had 
been discovered. 

The writer is indebted to Mr. J. P. McNaughton, of Miami, Okla., 
for this very interesting and highly instructive specimen of rapid ore 
deposition, as also for the historic details. 

DISCUSSION 

Frank L. Nason, West Haven, Conn, (written discussion*). — 
The very strong conviction possesses me that even for the agile 
minded it is a long jump from a railroad spike to the conclusion that 
'^The evidence of the Mission mine leaves no doubt as to the orebodies of 
this district being a case of descension and that the ore horizons are 
steadily being lowered as erosion slowly planes away the surface.” I 
do not know whether Mr. Wheeler takes himself seriously; whether 
advocates of ascension” or ^'descension” generally regard themselves 
in the same light. Assuming the serious view of this and similar dis- 
cussions, I subnadt a few data that have come under my observation. 

There is no known element that will not go into solution. The con- 
verse is also true; once in solution, any given element can be precipitated. 
The above general principle, can be put in another form — migration. 
Given a metal at rest (in an orebody) glacial action or water erosion may 
move it and redeposit it. Brought into contact with a solvent, gas or 
water or both, it moves with this solvent to a point when either a precipi- 
tating agent causes its deposition directly or indirectly by evaporation. 
Equally possible, at least, the dissolved metal may be discharged into 
an open stream and j&nd its resting place in the ocean. The solvent 
bearing the metal may be uprising or it may be descending. 

Along the New River in Virginia, five large zinc deposits have been 
worked — ^the Delton, Bertha, Fulton Farm, Austinville, and Ivanhoe. 
Each of these has produced large tonnages of oxidized zinc and lead ores. 
These were originally in limestone, presumably in the form of sulfides; 
when mined they were embedded in residual clay. One mine has been 
opened to 400 ft. (121 m.) below the surface; this is 200 ft. below the 
base level of drainage, New River. The oxidized ores are at the summit 
of a bluff, about 250 ft. above the river level not more than 1700 


* Received Feb. 6, 1920. 



DISCUSSION 


316 


ft. horizontally from the flood plain of the river. In spite of the migra- 
tory nature of lead and zinc ores, lime and magnesia have completely 
disappeared. Water channels crossing the orebodies are the sources of 
many springs, two long adits driven to and across the orebodies discharge 
a large volume of water; neither lead nor zinc is in solution, for before 
the mine was reopened the mining village depended on these adits for 
domestic water. 

On the other hand, in the Kelly district, New Mexico, when potable 
water is obtained from springs originally in or near the zinc and lead 
deposits, the water seriously affects strangers or transients owing to the 
zinc in solution. In Tennessee, in the Powell, Clinch, and French 
Broad River valleys, deposits of zinc and lead oxides occur within a few 
hundred feet of the rivers and at elevations of from 50 to 200 ft. above 
the rivers. There is no evidence that these deposits have lost metal by 
leaching, even under the most favorable conditions for such loss. In 
contrast with these is the OUie Bell mine in Wisconsin. Inferentially, 
at least, this was originally a large mine and a rich one. Now, while it 
has more than traces of both lead and zinc, it is far below economic 
grade. Again, inferentially, this mine has been robbed’’ by solution. 
But the resting place of the metals has not been found. 

In Mr. Wheeler’s own territory, considerable pockets of zinc sulfide 
ore have been mined. The ore was embedded in soft, black, carboni- 
ferous shales. These deposits are on the crest of the Ozarks; carboni- 
ferous cherts cover large areas of the Ozarks. Inferentially again, the 
Ozarks were covered by the carboniferous, part of the remnants is zink- 
iferous stiU; inferentially, the whole may have been as highly zinkiferous 
as the rocks of the Joplin area. There is thus no tangible evidence that 
the zinc of the eroded fields enriched, much less originated, the Joplin 
zinc fields. Instances without number may be cited of zinc and lead 
deposits being undiminished in volume under the most favorable condi- 
tions for such loss; as numerous instances may be cited where, apparently 
at least, the bulk of these metals has been removed by solution. The 
metals of these deposits having been supposedly removed by solution, 
what has become of them? 

Mr. Wheeler’s railroad spike shows conclusively that a metal in 
solution can be rapidly precipitated when in contact with a reducing 
agent. But all of us know this. For ages, possibly not as far back as 
the Tertiary” or the '"Quartemary,” men have taken commercial ad- 
vantage of this fact. Cement copper has been, and is today, gathered 
from cupriferous mine waters by conducting these through troughs filled 
with scrap iron. Zinkiferous and plumbiferous waters may flow, as 
Mr. Wheeler states, from the Mission mine to the Admiralty mine, 3.5 
miles distant, but does this flow exist without artificial disturbances of 
level? With this artificial stimulus, has there been a quantitative deter- 
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mination of zinc and lead in solution at the Mission and compared with 
the volume in the Admiralty mine waters? 

Comparing Mr. Wheeler^s premises and conclusions; it appeals to 
me as a very plain case of non sequitur. Another instance of the same 
line of reasoning is the Miami copper mine, which is held to be a glowing 
example of descensional origin. To me, another explanation appears as 
being tenable — capillary attraction and evaporation. It may be far 
fetched, but what I regard as similar, though not necessarily identical, 
phenomena may be observed any time in the West. Given an alkali- 
encrusted basin and a heavy rain, the alkali is dissolved and carried into 
the earth, but when the inevitable drouth follows the alkah-laden water 
is brought to the surface, the water evaporates, the alkali crust reforms. 

James F. Kemp, New York, N. Y. — Two years ago, while passing 
through St. Louis, I spent an hour with Mr. Wheeler and saw this speci- 
men. It seemed such an interesting one that I asked him to write the 
description for the Institute. I wish we had the spike here so that 
you could see it, for there might arise, in the mind of one who had not 
handled it, the possibility that the spike lay in some gravel on the bot- 
tom of the drift in which there were crystals of galena, which became 
cemented to it. As I looked at the spike, such an explanation did not seem 
to be as reasonable as the one that the crystals had actually grown upon 
the spike while it lay there and that it was oxidized where it lay. We 
may, therefore, perhaps assume that the crystals have positively formed 
upon the spike. They were fed by waters draining the mine, and its 
surrounding unmined ground, much of which, as Mr. Wheeler teUs us, 
carried from 1 to 5 per cent, of lead. 

These percentages afford a much more favorable case than any- 
thing that could be imagined in the original formation of orebodies. 
The crystals formed in 2 years. It is very interesting to have the exact 
facts of time and of the artificial pumping and of the stimulus to the 
currents which led to the formation of the crystals. Whether from this 
we 6sbn go so far as to infer that the lead and zinc deposits are of such 
recent formations as is stated in the paper is where most of us will proba- 
bly differ from Mr. Wheeler's conclusions. There are two or three con- 
siderations that we ought to have in mind if we put before us such possible 
conclusions. We know that if a deposit of zinc blende in limestone 
is brought within the belt of weathering the zinc goes into solution and 
migrates downward and is precipitated on the uneven and unaltered 
surface of the bed-rock. The resulting calamine may penetrate a short 
distance into crevices in the underljdng limestone, but it does not go far. 
Wherever we have an opportunity to observe the old workings that have 
stripped off and taken out these crusts, that conclusion is inevitable. 
Now^ the zinc salt does not precipitate as zinc blende, so far as I know, 
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and if we attempted to explain our zinc-blende deposit in this way we 
would have to find some way of accounting for its precipitation as a sul- 
fide under the ordinary circumstances prevailing in nature. 

Let us also look at the lead for a moment. Wherever great deposits 
of galena in Kmestone have been brought within the belt of weathering, 
they have changed over to the sulfate and then to the carbonate ulti- 
mately and have stayed where they were. We do not find them going 
down, but are indebted to them for the early great sources of production 
of oxidized lead ores in the West. Just how this lead that we find re- 
maining in the carbonate, or sometimes in the sulfate, is to start on its 
wanderings and go down, reach quiet stationary ground water, migrate 
extensively through it, and be again precipitated as a sulfide is one of 
those serious questions that would have to be satisfactorily explained 
in regard not only to thedescension theory, but to the formation of great 
bodies of galena in a brief space of geological time. 

I frankly confess that the Mississippi Valley lead and zinc deposits 
are, to my mind, about 'the hardest nut to crack in all the ore deposits 
in this country. That, however, we may Kghtly and easily refer them 
to descending currents and precipitate them again as sulfides is a ques- 
tionable explanation. 

Several years ago, in the Joplin district, there was found a pocket of 
white zinc sulfide of which fortunately I inherited a small bottleful and 
which I have saved as an interesting specimen from the district; but to 
explain the great bodies of zinc blende, the sulfide itself, precipitated by 
some reaction that must be so different from our ordinary experience with 
the descending solutions of zinc, is a pretty hard problem. On the other 
hand, to bring the theories of ascending waters from some igneous source 
in a region that is marked by the absence of igneous rocks, generally, 
so far as we know, takes us into the region of speculation and is a view 
difficult to support by any actual observation of geological facts. Nev- 
ertheless, I do believe that Mr. Wheeler has presented to us a very inter- 
esting case of what seems to be the quite rapid formation of crystals of 
galena around a strongly reducing agent in a period of 2 years and from 
currents that seem to have been stimulated by the pumping of a' mine 3 
or 4 miles away. 

H. V. WiNCHELL, Minneapolis, Minn. — I do not think that Mr. 
Wheeler suggested that the spike was sulfide, or that it was necessary 
in every case to find an equivalent volume or amount of pre-existent 
sulfides. I sent to your Chairman, some years ago, some little pebbles, 
nuggets, of native copper from Alaska taken from the beds of glacial 
streams, on which there was a certain amount of chalcocite deposited, 
and I do not suppose he will suggest that they came from hot solutions. 
Of course, that was not present in large quantity, but it seemed to be an 
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instance of the formation of chalcocite in recent times in gravels under a 
very low temperature. But I have noticed an interesting occurrence of 
galena in Utah, where any other theory than that of deseension and 
deposition from cold solutions seems rather unlikely. At Ovar Canyon, 
Utah, there has been displacement of the rocks amoimting to several 
hundred feet, at least. Near the top, the limestones are exposed in 
vertical places many hundreds of feet; the canyon, I think, is about 
2000 ft. in depth. Ore has been deposited in the limestone strata, which 
have been subjected to slight displacements. In one place a deposit 
of ore was faulted comparatively recently. In working the bedded 
ore deposits, ore was discovered in this fault and a shaft was sunk to the 
depth of 800 or 900 ft. and ore was extracted. For a distance of 300 ft. 
below the lower limestone bedded ore, the ore in the fault had a width of 
about 3 ft. and was solid galena with a little zinc. Below the depth of 
300 ft., the ore had a width of about 7 ft. and it was all oxidized — oxidized 
ores, carbonates, etc. down to 625 feet. 

On the 700-ft. level, drifts were run out along this fault for 200 or 300 
ft. in each direction. This ore was in a shoot not more than 500 ft. in 
length, perhaps not over 350 ft. in length and the fault fissure contained 
no ore, either oxidized or sulfide. It was an open crack, on the walls of 
which very finely illuminated calcareous substances of a beautiful color 
had been deposited, cemented in which were fragments of limestone that 
had fallen from above and had wedged in between the walls, which were 
about 4 ft. apart on that level. On the 800-ft. level, the drifts had been 
extended as far as the limits of the air shaft. There was no mineraliza- 
tion, the fissure was about 1 ft. or less in width, the calcareous deposits 
on the walls had a thickness of from 8 in. to 2 ft., and there was no ore. 
On the 900-ft. level, a crack remained, tiie fissure being almost entirely 
filled with this calcareous deposit. It had been completely filled and 
had to be broken out in order to run the drifts. 

Now, there is a case of a mine upside down — sulfide ore on top and 
oxidized ore xmderneath. We know that the faulting is comparatively 
recent, and if our geological friends can teU us how that galena got in 
there without being deposited by downward flowing solutions, or how 
those solutions got heated, we would appreciate it. 

W. Lindgren, Cambridge, Mass.— Iron spikes, and similar objects, 
with galena crystals have been found at various times in the Mississippi 
Valley and elsewhere; there are a number of such cases on record, some 
of them by the Geological Survey of Missouri. 

Such a deposit can easily be accounted for by saying that the lead is 
present in solution in various forms and is precipitated by reducing 
agents. But no complete solution of the problem can be reached unless 
we know the character of the mine water in this particular mine. Mr. 
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Siobenthal considered the water in some of these mines in Oklahoma to 
be of deep-seated origin. He thought that they belonged to the ascend- 
ing artesian circulation, although that circulation no doubt has slowed 
up considerably during the last period, as shown by the fact that the 
waters could be quite easily pumped out. 

I can see no objection to the theory of the precipitation' of galena by 
descending surface waters. I think most mining geologists present 
have seen zinc blende coated with galena; it is a very common thing. 
It shows very nicely in some of the zinc blende of the San Juan region, 
Colo., and lots of other places. Irving called attention to it a long 
time ago, and I have collected such specimens repeatedly where the 
galena appeared as a thin gray film and where there could be no reasonable 
doubt of the descending water being responsible for the precipitation. 

I do not doubt that solution and precipitation in the natural ground 
waters offer great possibilities in the way of mineral formation. Some 
time ago nodules of barite with galena and p3?Tite were repeatedly found 
in the deep* borings in Louisiana. They are on record in the publications 
of the Louisiana Geological Survey. There we have, at present, mostly 
chloride waters, in which barium is constantly present; this barium 
must be precipitated as barite when sulfate waters from a higher level 
come into contact with these chloride waters. 

An interesting bulletin (No. 693) published recently by the Geological 
Survey and written by Messrs. Mills and Wells, shows how, in many 
cases, oil weUs have been clogged by crystallized barite at the point in 
the oil sand where the oil issued, the precipitation occurring from the 
contact of two waters of different chemical composition. 

I have always held that, in. addition to the barium present in those 
chloride waters, there is also lead probably as chloride. If chloride of 
lead is present, a precipitation as galena might be effected by mingling 
with other subterranean waters, some of which, no doubt, also contained 
hydrogen sulfide. It does not seem to me that it is necessary to draw 
on the resources of the barysphere, or centrosphere, to explain the 
Mississippi Valley deposit, and as far as galena being deposited by 
descending waters is concerned I am surprised that anyone should 
seriously question that. 

S. H. Ball, New York, N. Y. — I want to call the attention of those 
who are looking for an igneous origin for the ores of the lead and zinc 
mines of Missouri to one statement of Buckley^s in his article entitled 
^Tead and Zinc Deposits of the Ozark Region”^ on the occurrence of 
basic dikes in St. Genevieve County, Miss., which lies 'immediately to 
the northeast of the main disseminated lead mines in St. Francis County, 

1 “Types of Ore Deposits/' edited by H. Foster Bain, 105. San Francisco, 1911. 
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He states that these dikes contain -visible quantities of galena and blende, 
as I remember it. The fact that I make this statement does not mean 
that I believe that igneous rocks had anything to do -with the deposition 
of the lead and zinc mines of Missouri, but I think it is weU worth while 
for those who are looking for an igneous source to make a careful ex- 
amination of these dikes. 

I have seen, I think, every type of lead and zinc deposit in Missouri, 
and while I do not question for a moment that many of the so-called, using 
Whitney’s old term, gash veins, were imdoubtedly deposited by descend- 
ing waters, I question very strongly whether the more important and 
larger orebodies are of such an origin. In Washington County, I have 
seen perhaps fifty shafts starting down on a foot or perhaps only a knife- 
edge of galena, and in each case pinching out from 20 to 30 ft. below the 
surface. I have no doubt that those were formed by descending waters. 
On the other hand, as regards the deposit from which Mr. Wheeler’s 
specimen came, I am very strongly of the opinion that an origin by 
descending waters is almost impossible. 

The Miami District is being prospected, or has been, by churn drills, 
which pass through, before reaching the ore horizon, anywhere from 20 
to 200 ft. of impervious shales. The eastern edge of the shale is approxi- 
mately from 5 to 10 miles to the east of Miami,- that is, the older rocks 
are dipping westward in that region. I cannot believe but that Siebenthal 
was absolutely correct when he said that they were deposited probably 
by artesian waters, which are laterally moving and then ascending. It 
seems to me that possibly the deposits of this region should be broadly 
classed with some of the Red Bed sandstone copper deposits, in which 
chalcocite does not necessarily replace some other sulfide and in which I 
f.binV probably the greatest amount of e-vidence at least indicates rela- 
tively cold waters. 

Alan M. Bateman, New Haven, Conn. — This paper is of interest 
because it brings to our attention one more instance of deposition of 
sulfides by cold solutions, and data of this nature are valuable. However, 
I do not think we are justified in assuming an origin of ore deposits by 
such processes as are described, because a spike happened to become 
coated by crystals of galena. The conditions of natural deposition of 
ores are manifestly different from those which pertain imder artificial 
conditions of mine workings. 

Mr. Winchell drew attention, by way of comparison, to some chalco- 
cite coating native copper that he had found in gravels at the bottom 
of a glacial stream in Alaska and w-hich he considered to indicate de- 
position under cold conditions. I also have found some chalcocite on 
native copper in Alaska, not, however, in the bed of a glacial stream, 
but in the center of a small glacier. ' It is obvious that under those 
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conditions of temperature the chalcocite could not have been coated on 
the native copper by means of solutions. Furthermore, it is clear that 
the chalcocite must have coated the native copper prior to the Glacial 
Period; for the specimen must have fallen on the glacier during the time 
of its building up in the Glacial Period. Incidentally, that glacier is 
a copper mine. The ore is composed of fragments of a disintegrated 
vein outcrop which became cemented by a gangue of ice, and the orebody 
has been developed by tunnels penetrating the glacier. It is, I believe, 
the only known instance of a glacier being mined. 

I found the source of that particular specimen of chalcocite coating 
native copper, namely, the greenstone of the cliffs overhanging the gla- 
cier. The joints and little blowholes of the greenstone lava are filled 
by small pieces and slabs of chalcocite and native copper, as well as other 
minerals. The erosion of the cliff resulted in the falling of pieces into 
the glacier during its formation. The coating of chalcocite on the native 
copper therefore took place in pre-Glacial times when climatic conditions 
were not so cold. Similar pieces may have found their way into stream 
gravels and it is barely possible that the specimen described by Mr. 
Winchell may have had such an origin. If this is the case, we cannot 
conclude that the deposition of the chalcocite on the native copper took 
place in the icy cold waters of the glacial stream. 

H. V. Winchell. — That is very interesting, but I do not think it 
applies to the samples to which I referred. This was not one pebble, 
nor only a few— there were pebbles of barite, pyrite, native copper, all 
of which had by superior gravity gone to the bottom of the gravels, and 
all of them were cemented together. I do not suppose that those pebbles 
were originally derived in the form in which I found them from a solid 
deposit of pebbles of barite, pyrite, and native copper formed in a single 
lode by the deposition of copper sulfide. 

E. S. Mooee,* State College, Pa. (written discussion!) .—I have 
previously described occurrences of secondary galena in the Broken HiU 
orebody.2 In this deposit lead carbonate frequently occurs in crystals 
shaped like, arrowheads. I have, in a collection of Broken Hill minerals, 
several small crystals of this type. At first, they were regarded as 
galena pseudomorphs but when broken open they were found to be 
crystals with a thin coating of galena on the surface. This galena is 
undoubtedly secondary. 

In the North mine, considerable galena occurs along fissures in the 


* Dean, School of Mines, Pennsylvania State College, 
t deceived Mar. 13, 1920. , 

^ Observations on the Geology of the Broken 'Hill Lode, New South Wales, Mcon, 
Geol (1916) 11, 327-348. 

VOL. Lxin. — ^21. 
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stopes and drifts .where water is circxilating; this is regarded as secondary 
in origin. Just what may have been the chemical process producing this 
secondary galena in these two cases is not known. Lead sulfate, coming 
into contact with iron pyrite under oxidizing conditions, might produce 
galena; or a combination of lead sulfate and zinc sulfide might produce 
this mineral. All these compounds are present in this orebody as well 
as chlorides, bromides, and iodides of silver and other secondary minerals. 

Some laboratory experiments performed for me by Messrs. L. J. 
Youngs and C. M. Nevin showed that a 1-per cent, solution of hydrochlo- 
ric acid would readily produce lead chloride from galena and that when a 
piece of limestone was placed in a solution of lead chloride, lead carbon- 
ate was precipitated on the limestone by reaction with the calcium car- 
bonate. Whether this was a simple carbonate or the bicarbonate was 
not determined. A very dilute solution of hydrogen sulfide was next 
applied to the limestone carrying traces of lead carbonate and immedi- 
ately the lead was thrown down as a sulfide resembling galena. As to 
the source of H^S, if this were the agent in the Broken Hill deposit which 
precipitated the lead from carbonate waters, there does not seem to be 
any great diflSiculty in accounting for its presence in small amounts 
along fissures in an orebody which was undoubtedly deposited by igneous 
agencies. 

H. A. Wheeler (author's reply to discussion*). — Contrary to the 
general assumption of that fact, the spike was not the only specimen that 
showed precipitated lead; all the iron tools in this mine were incrusted 
with galena but the spike was selected because it was more convenient 
to handle and had, perhaps, larger crystals than the other samples that 
had been saved. It was also less damaged by careless handling. 

The white, pulverulent, freshly precipitated zinc sulfide that Professor 
Kemp alludes to was observed by W. P. Jenney more than 30 years ago, 
while he was studying the Joplin district for the Missouri Geological 
Survey; he found it in considerable amounts, but the details I do not 
now recall. That there is considerable Time sulfate in solution in the 
waters of many of the older mines of the Joplin district is well known 
and the surprising thing is that freshly precipitated zinc sulfide is not 
more common and that it is not found in larger quantities, as the access 
of surface waters carrying the soluble bicarbonate of lime would precipi- 
tate it from the mine water. 

While I broadly referred to all the Mississippi Valley lead and zinc 
deposits— at least as we now find them — as being very young, I did not 
intend to convey the impression that they were all due to descension, in 
which class I also include lateral secretion, or the horizontal movement 
of mineral-bearing waters that primarily started from the surface. 
Lateral secretion is due to the more or less horizontal movement of min- 


* Received Apr. 22, 1920. 
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eral-bearing solutions, which may be of deep-seated or surface origin, 
and probably most of the Mississippi Valley lead and zinc deposits have 
been mainly due to horizontal moving waters, rather than to direct 
descent or ascent. In the Joplin and Miami districts, I think that the 
ore-bearing solutions started from the surface and in their very slow, 
tortuous movement through the pores, seams, and openings of overlying 
limestones and shales, they have leached out and redeposited at greater 
depth — and probably at a decided horizontal distance from the point 
of origin — ^more or less of their mineral contents under favorable pre- 
cipitating conditions and thus have produced the present workable ore- 
bodies. I do not, however, regard all the Mississippi Valley zinc and 
lead deposits as being due to descension; there is a sharp, well-marked 
difference between the disseminated types of orebodies in southeastern 
Missouri, which I regard as being due to ascension, as are also the lead 
and zinc veins of southern Illinois and western Kentucky, which have a 
fluorite gangue. 

The zinc and lead deposits of the Joplin region (using this term to 
include the Miami, Okla., Galena, Kans., Granby, Carthage, and Jop- 
hn districts of Missouri), the shallow clay deposits, pipe- veins, gash veins 
and “brangle” deposits of central Missouri (including Franklin, Jefferson, 
and Washington Counties), and the Wisconsin region, including its ex- 
tensions into Iowa and northwestern Illinois, I regard as due to descen- 
sion — ^including lateral moving solutions of primarily surface origin. 
The rich Miami, Okla., deposits, which occur in open, highly fractured 
ground, probably received their ore-bearing waters at least several miles 
to the eastward, where the formation outcrops, as they are immediately 
covered by more or less shale, as remarked by Mr. Ball; they occur on . 
the western slope of the Ozark plateau and are on the westerly drainage 
of over 150 miles of limestones and dolomites that carry more or less lead 
and zinc, although rarely in workable amounts. The object of the paper 
and specimen is to show that lead deposits can be formed extremely 
rapidly — ^from the geologic standpoint — even when the ore solutions are 
weak and the specimen certainly suggests that the Miami deposits may 
be very young, possibly as recent as Quaternary. 
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Mud Volcanoes of Colombia, South America 

BT STANLEY C- HEROLI>,* TULSA, OKLA. 

(Chicago Meeting, September, 1919) 

A FEW notes on the occurrence and significance of mud volcanoes in 
Colombia may be of interest at the present time, owing to the renewed 
activity in geological exploration of the coastal regions bordering the 
Caribbean Sea. The best-known volcanoes are found a few miles from 
the seacoast. One is situated to the south of Puerto Colombia; the sec- 
ond, to the east of Cartagena near the village of Tur*baco; and the third, 
near the village of Puerto Escondido south of the Sinu River. Others 
are reported in more inaccessible localities. 

Usually they stand 2^ or 3 ft. (0.762 or 0.914 m.) above the sur- 
rounding ground at the crater, though several craters from 10 to 20 ft. 
(3.04 to 6.09 m.) apart will often bmld up an extensive mound at low 
gradient. The shallow mound may cover M or % acre (0.2 to 0.3 ha.) 
with an elevation of 12 or 15 ft. (3.65 or 4.57 m.) at the center. 
The craters are formed of hardened blue clay; the inside diameters vary 
from 14 to 24 in. (35.66 to 60.96 cm.). The rim is continuous, except on 
one side where there is usually a cut 3 or 4 in. deep, thus allowing an 
overflow. 

The craters are filled to the rim-cut with a thick mixture of blue 
clay mud and water, which is kept in agitation by escaping gas. Fig. 
1 shows the bubble in the act of bursting and Pig. 2 the appearance of the 
surface of the viscous fluid a second or so later. The frequency of the 
explosions is determined by the weight of the column of fluid in the neck 
of the volcano, consequently, such explosions are not synchronous in a 
^oup of craters. Ordinarily, there are two or three explosions in about 
3 minutes. 

The supply of gas is small but steady and sufficient pressm-e must 
accumulate before the bubble can enter the column of fluid. The 
water is derived from the surface and enters the sedimentary strata not 
far distant from the volcano. During long dry seasons, as the supply of 
water fails the volcano dries and geyser action ceases. 

The temperature of the muddy fluid is normal; the gas is dry and 
inflammable. No petroleum products come with the gas. On the sur- 
face of the fluid, there is sometimes a dark brown streaky scum, which 


* Assistant Geologist, G3T)sy Oil Co. 
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does not separate from the water as petroleum would naturally do. 
This scum is very small in quantity and apparently consists of minute 
micaceous particles derived from the shales. 

Mud volcanoes occur in faulted localities and are closely associated 
with these faults; in fact, the trend of faults can sometimes be determined 
by the position of separated groups or single craters. Not only do these 
faults allow the gas to escape but undoubtedly they also offer a channel to 
the surface water required in their action. 



Fig. 1. — Mud volcano in the act of bursting. 



Fig. 2. — Same a second or so later. 


Mud volcanoes cannot be regarded as a manifestation of economic 
deposits of gas, at least in the immediate vicinity, for the supply is a 
small one and at very shallow depth, probably within 40 ft. (12.19 m.) 
of the surface, judging from the time required for the bubble to reach 
the top aftp entering the fluid at the bottom. The latter event is 
accompanied by a tremble of the ground and a mujOded rumbling. If 
there ever existed a considerable supply of gas nearby, it has long ago 
escaped by the fault. It is very likely that this gas is migrating under 
difficulty from a distant source and if so gas may be encoimtered when the 
proper strata are drilled into. The volcanoes indicate neither the loca- 
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tion of the source nor whether the amount that might be obtained would 
be co mm ercial or not. They merely show that under proper sand and 
stratigraphic conditions, gas may somewhere be found. Buying, leas- 
ing, or drilling an estate merely because it has a mud volcano upon it is 
certainly not justified. As an indication of the existence of petroleum 
in the region, mud volcanoes should receive still less consideration. 
The best that can be said for them is that they are very interesting as 
mud volcanoes. 



EARTH ANI> ROCK PRESSURES 


327 


Earth and Rock Pressures 

BY H. Q. MOULTON,* WASHINGTON, D. C. 

(New York Meeting, February, 1920) 

The inceeasing scale of mimng operations over the past decade, 
particularly in connection with the exploitation of large bodies of com- 
paratively low-grade copper ores, has made necessary the study of the 
behavior of rock under failure. When extractions of as high as 40,000 
tons a day are reached in steam-shovel operations and as high as 20,000 
tons per day in underground mining operations, it is evident that excava- 
tions soon become of such size that the behavior of the rock will often be 
dependent on fundamental principles applicable to more or less homo- 
geneous materials under stress, rather than on weathering or local planes 
of weakness. 

In the ordinary rock excavations encountered in civil-engineering 
practice, such as excavations for subways, highways, railroads, etc., rock 
faces are not carried to depths sufficient to develop any pressures, or 
consequently any failures, except those due to loose masses resulting from 
local planes of weakness. When, however, orebodies whose tonnage is 
measured by hundreds of thousands are to be extracted by steam-shovel 
operations in open pits, it is necessary to determine if possible in advance 
the slopes that the sides of the pits will assume, for these slopes influence 
the shape of the excavations and thereby the amount of ore that may be 
extracted by the open-pit method. "When large orebodies are mined 
underground at depths of 300 to 600 ft. (91 to 152 m.) by caving methods, 
the surface subsiding as the ore is withdrawn, it is necessary to determine 
in advance the outermost limits of fracture in the subsiding surface, for 
on the delineation of these limits depends the location of surface improve-' 
ments, mills, smelters, etc. and also the location of development work, 
such as hoisting shafts, main haulage levels, and all other underground 
openings that must remain undisturbed during the period of ore extraction. 

Heretofore, in civil-engineering practice, it has been assumed that 
earth and rock behave differently in failure. For the calculation of earth 
pressures, formulas are used in which the assumption is made that earth 
banks fail by sliding along the slope determined by the frictional resist- 
ance of the material. The line of failure and the resulting pressure is held 
to be dependent on the angle of repose, which is different for varying 


* Consulting Engineer, Public Service Commission for the First District, State of 
New York. Chief Examiner, War Finance Corporation, Washington, D. C. 
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types of material. This necessarily leads to an assumption of an angle of 
repose of Q0° for rock, or in other words, that except for local planes of 
weakness, homogeneous rock settling above an excavation would break 
directly over the point of failure. 

Experience in earth excavations has shown the error of such assump- 
tions as to earth pressures. Mining work carried on in New York City, 
in connection with the subways, has given an opportunity to study the 
behavior of earth under failure and has indicated that there is a common 
law underlying all materials possessing cohesion and not of a semifluid 
nature. Some years ago this subject was discussed by J. C. Meem,^ 
who pointed out that pressures in timbered cuts were different from what 
would be expected from existing formulas for earth pressure. E. G. 
Haines,^ in discussing Mr. Meem’s paper, pointed out that an earth bank 
in failure normally broke back to a distance equal to half its height 
irrespective of the character of the material and expressed a belief 
that a cut in solid rock, if carried to a sufl&cient depth, would act in the 
same manner. This paper was inspired by reading Mr. Haines’ dis- 
cussion and it represents an attempt to carry on the study of failures in 
excavations from earth to rock so that the common laws underlying 
the behavior of materials failing in excavation may be developed- 

During the time which has passed since Mr. Meem’s paper was pre- 
sented, additional, data have become available with respect to sand, 
loam, clay, and hardpan through the construction of the new rapid 
transit routes in New York City. This work involved the support of 
open cuts and tunnels by timbers over extensive areas, and proof of the 
soundness of Mr. Meem’s theories is to be found in the general adoption, 
by contractors on the work, of the types of support in the development 
of which he played so important a part. 

For the analysis of rock pressures and the study of rock slides, it is 
evident that in ordinary excavations for railroads, streets, or subways 
depths will never be reached sufficiently great to overcome the shearing 
strength of the material, or to obtain results that are not simply the 
reflection of small local planes of weakness in the rock. There is, how- 
ever, becoming available a mass of data from the large copper mines of 
the Southwest, where orebodies are removed by top-slicing, shrinkage- 
stoping, or caving, the upper part of the deposit, which is usually value- 
less capping, being allowed to settle after the ore is removed, with 
consequent subsidence of the surface and development of large cracks. 
Since in these operations depths of 400 to 500 ft. (121 to 152 m.) are often 
reached, it becomes possible to obtain measurements of the relations 
existing between the surface settlement cracks and the stoped areas 
below, which will throw light on the behavior of rock in failure. 


1 Trans* Amer. Soc. Civil Engrs. (1908) 60, 1. 
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Through the kindness of Mr. Pope Yeatman and Mr. J. Parke Chan- 
ning, and particularly through the cooperation of Mr. C. B. Lakenan, 
general manager of the Nevada Consolidated Copper Co., the writer 
has been able to secure cross-sections representing typical caved stopes 
at some of the leading prophyry copper mines, and also sections of deep 
gravel banks in placer mines operated by the hydraulic method. These 
are given in connection with sections from earth tunnels upon some of the 
New York City subway work; there is thus obtainable, for the first time 
as far as the writer knows, a comparison of the behavior of material 
under failure in excavating operations ranging from moist sand to hard 
rock, and it appears that in all cases the action is independent of the 
character of the material, provided the depth reached is sufiicient to 
develop pressures in excess of its shearing strength. 

If the behavior of material in failure is independent of its character, 
the pressure from a given material is a function of its unit weight and of 
the depth of the excavation, and not of the character of the material. 
The important deduction to be drawn from this is that formulas for bank 
pressure should not include any functions of the angle of repose. A cer- 
tain type of earth may have an angle of repose approximating 46°, 
whereas the angle of repose of hard rock, except for the influence of 
local seams and planes of weakness, is 90° from the horizontal; yet the 
behavior of each is identical at depths proportionate to their respective 
strength and they assume the same shape and break to the same angle in 
cases of bank failure. 

Classification of Matebials 

For the consideration of pressures in supported banks, materials 
may be divided into three general groups: 

Class A, materials that act as solids. This group covers the entire 
range from moist sand to the fibrmest rock. Every type of material 
within this group will stand with a vertical face to a certain depth; 
below that depth it will fail in shear in exactly the same manner and leave 
exactly the same shape of bank after failure. 

Class B, granular materials. In this group are included dry sand, 
dry gravel, broken stone, wheat, or in general any material composed of 
separate grains and lacking cohesion. Such materials behave in a dis- 
tinctly different manner from those of the first group. Generally speak- 
ing, it is probable that they, too, will follow one general law if considered 
in quantities proportionate to the size of the grains and that a mountain 
of large stones would show the same lines of pressure and angles of repose 
as a bin full of wheat or a basket full of fine sand. However, the shapes 
of individual particles may be a factor and materials of this class may 
possess angles of repose determined by such shapes. 
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Class C, semi-liquid materials. In this group are included quick- 
sandj wet clays, and, in general, aU ground encoimtered in excavating 
that is so saturated with water that it will develop pressures of a hydro- 
static nature. At depths sufficiently great, certain types of clay become 
plastic and flow in such a manner as to develop pressures proportionate to 
the depth. It is probable that if great enough depths were reached in 
excavating operations many types of rock would also be found to be 
semifluid and would flow under pressure. In certain mines in India 
and Brazil, there are encountered so-called “flexible sandstones,” which 
are apparently plastic under comparatively slight pressure and will 
stand a considerable degree of deformation in small sections without 
rupture. 

It is not the purpose of this article to discuss materials of either of the 
last two classes. Those in Class B are subject to analysis by the methods 
used in calculating stresses in grain bins. Material in Class C is to be 
considered from the standpoint of hydrostatics with due attention to its 
specific gravity. The behavior of material in Class A is entirely different 
from that of either of the other two, and when any material encountered in 
excavation contains sufficient cohesiveness to remove it from the class of 
purely granular substances and yet is not so viscous that it will flow under 
pressure, it must be considered as a solid and analyzed from the point 
of stress relations in elastic bodies, whether it be damp sand or the 
hardest rock. 


. Tunnels in Sand and Earth 

In 1916, the Degnon Contracting Co. began the construction of sec- 
tion lA of route 12, a double-track subway tunnel, under Flatbush Ave., 
Brooklyn, N. Y. The construction required an excavation approximately 
40 ft. (12 m.) wide by 21 ft. (6.5 m.) high, which was lined with concrete 
in the form of a double arch having a center bearing wall and umbrella 
section. The depth at subgrade varied from 94 ft. (28.6m.) atthenorthern 
end of the section, to 35 ft. (10.6 m.) at the southern end. On the southern 
part of the section, over approximately one-third of the total distance, 
the tunnel was excavated by the use of a roof shield resting on conprete 
bearing walls at the side; for the remaining two-thirds of the length 
of the section a timbering method was used. 

For most of the distance, the material encountered was clean sand 
free from silt or clay, showing a graduation in sizes that made it suitable 
for use in concrete mixtures. Many large' boulders of trap rock were 
encountered. In places hardpan was found, with its top surface often 
coming to elevations above the upper limit of the tunnel section. The 
subgrade of the finished structiue was above the permanent water level, 
though the sand was at all times damp from the surface down. This 
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excavation, therefore, represents a fair test of the behavior of damp 
sand * under partial failure involving settlement above an underground 
excavation. 

Mr. Waldo C. Briggs, engineer in charge of this operation for the Deg- 
non Contracting Co., made careful studies and surveys of the breaks 
occurring in the s'urface as a result of the slight settlement incidental to 
his tunneling operations, and has furnished the writer with records from 
which the accompanying diagrams have been drawn. Wliile the dia- 
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Fig. 1. — Transvebse section op stjbwat tunnel; roop-shield mbthou- 

grams are exact "with reference to the outline of the tunnels, the location 
of the surface, and the relation between the excavation and the breaks in 
the surface, they are only approximations with respect to thickness of 
concrete, sizes of timbering, etc., having been drawn only to show the 
probable lines of rupture and the horizontal and^ vertical measurements 
of the points of subsidence with reference to the excavations causing 
subsidence. v ^ ^ ^ ^ 

Kg. 1 represents a transverse section of the tunnel near the southern 
part of the contact, where the loof-shield method was used. In this 
operation, ade-wall and center drifts were carried in advance and conrarete 
bearing walls built therein. At this point the hardpan was firm enough 
to arch over the top of the drifts, with very little pressure on the timbers, 
and had no wipre ©f the 'excavation than this been removed, n^ pettie- 
ment would ha^beeurred. t Jjatia’, tile rest of the section was dxehvated 
by/the u^.ofa robf 'tiueld WK^dti4fetiilejW!ahs-:'^|Thter0!p^atioh broke ' 
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up the arching effect of the hardpan and permitted settlement at the point 
where the ground had been disturbed in excavating the drifts for the side 
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Fig. 2. — Teansvbrsb section op timbered subway tunnel, j] 

walls. It will be noted that a line projected on a slope of K to 1 from the 
farthest decided break meets exactly the nearest upper corner of the drift, 

which is the point at which settlement 
might be expected. The “probable 
line of rupture” shown is, of course, 
^ purely an assumption, there being 
no possible way of surveying it; yet 
c from observations of breaks in open 
cuts in similar material, it is known 
10 that rupture takes place along a curved 
line, as shown, and that the break 
occurs at a distance back from the 
® edge of the bank equal to half its 
Fig. 3.-SE<i^N^^o^ excavating It is a fair assumption, there- 

fore, that rupture will occur in a 
similar manner through settlement above underground excavations when 
the relations existing between the breaks and the points of settlement 
below correspond. The center and side-wall drifts in Fig. 1 were driven 
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in September, 1916. The shield passed this point in November, 1917, 
while the decided break in the surface was first noted on Nov. 23, 1917— 
or immediately after the passage of the shield broke up the arches in the 
hardpan over the side-wall drifts. 

Fig. 2 is sketched from a transverse section near the northern end of 
the contract. At this point a rather unique timbering method was used. 
Fig. 2 shows the timbering details, and Fig. 3, the sequence of opera- 
tions. The top heading was first driven and timbered with posts, caps, 
and knee braces. A sheeted trench was then sunk to subgrade, and, 
within this trench and under the timbers of the top heading, an umbrella 
section of concrete was built to sustain the roof. Wall-plate drifts were 
next driven and segmental sets placed to connect the umbrella section 
with the wall plate. The wall plate was then underpinned on posts; it 
was possible to excavate the remaining part of the material and com- 
plete the concrete lining within the timbers. The top heading and 
center trench were excavated in July, 1917. The wall-plate drifts and 
the excavation for the segments were taken out during the latter part of 
October and' early in November, 1917. The break in the surface was 
first noted Nov. 23, 1917. 

It is apparent that the first settlement, which would also be the maxi- 
mum settlement, would be over the timbers of the top heading. After 
this heading was supported on, the concrete umbrella section, the next 
point where settlement could occur would be over the wall-plate drifts, 
which, however, were very small and carefully lagged over top and sides. 
Over these small drifts the sand would probably arch and be generally 
self-supporting. The next operation— that of excavating over the seg- 
mental timbers— would tend to break up this arch and cause settlement, 
yet the thrust from the segmental timber arch would incline the resultant 
from the vertical and tend to throw the point of settlement, and conse- 
quent rupture, inside the wall-plate drift. As shown in Fig. 2, a line 
carried from the decided break in the surface downward on a slope of 
K to 1 intersects the outline of the tunnel at a point between the post of 
the top heading aad the outer post of the wall-plate drift. Since no 
measurement of the actual point of rupture in the excavation is possible, 
this drawing does not prove the case as definitely as did the former one; 
yet it shows that the same angle of slope falls between the points that 
limit the possibilities of rupture. Fig. 2 may then be considered an ap- 
proximate confirmation of the theory imdei discussion. 

Figs. 4 to 7 show the reason for expecting the ground to break at 
points indicated in the sketches. Fig. 4 shows the shield just starting 
from the shaft. A study of its framing shows that it acts as a truss and 
has no arching action; tWe is, therefore, ho force to throw the resultant 
out of the vertical and it tends to bring the line of settlement inside the 
outer line of the excavation for the side-wall drifts. Fig. 5 shows the 
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Fig. 4. — ^Roof shield starting from shaft. 


Fig. 5.— Timber arch ribs between concrete umbrella and wall-plate drift 
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Fig. 6. — Cutting edge op roof shield just after breaking into shaft. 


Fig. 7. — Method op timbering top heading and excavating center trench 
BEFORE constructing CONCRETE UMBRELLA SECTION. 
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timber arch ribs of the timbered section between the concrete umbrella 
and the wall-plate drift. Due to the elasticity of the timbers and the 
absence of truss framing, there is a considerable outward horizontal 
thrust, which tends to prevent settlement at the wall plate; there is every 
expectation that the arch will deflect about halfway between the con- 
crete roof and the wall plate and thus bring the line of rupture out to 
the point indicated in the sketch. 

Figs. B and 7 are given to illustrate the methods of construction. Fig. 
6 shows the cutting edge of the shield just after it has broken into a shaft. 
Fig. 7 shows the method of timbering a top heading and excavating a 
center trench just prior to the construction of the concrete umbrella 
section. 

The same type of settlement, with corresponding ratios existing be- 
tween horizontal and vertical measurements, has often been noted in the 
past, and examples are cited in the discussions accompanying Mr. Meem’s 
paper. These two cases are of particular interest in that they are based 
upon exact measurements by an observant engineer and involve two types 
of tunnel construction — ^roof shield and timbered section; they are also 
important in that one case covers flne sand above hardpan, with subgrade 
at a depth of 67 ft. (20 m.), while the other is in sand throughout at a 
depth of 94 ft. (28.6 m.) . Taken in connection with former instances and 
with the observed behavior of earth and sand under failure in open cuts, 
the mathematical relations covering the location of breaks in the surface 
and the shape of the probable line of rupture may be considered defiinitely 
ascertained for these classes of material. 

Gravel Banks in Placer Mines 

At placer mines in which the gravel is removed by the hydraulic 
method, unsupported banks are often carried at heights ranging from 25 
or 30 ft. (7.6 or 9 m.) in some of the smaller properties of southern Oregon 
or northern California, to 600 ft. (182 m.) or more at the La Grange mine 
in Trinity County, Calif. The method normally followed consists of 
playing a stream of water, under high pressure, against the base of the 
bank until enough material is removed to cause a cave. The gravel thus 
brought down is washed down the sluices, in which the gold is collected.. 

. Nearly all gravels worked by the hydraulic process contain enough 
cemented material to bring them within the class of material under dis- 
cussion; that is, the banks wiU stand vertically until a depth is reached at 
which the shearing strength of the material is overcome by the pressure 
of the overlying strata. If the theory of earth pressures on which this 
article is based is correct, the maximum amoimt of earth could beremoved 
by exactly the process followed m this type of mining; that is, by wasliing 
out from the foot of the bank enough material to weaken its resistance and 
assist in caving. In very deep banks of cemented material, which offer 
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unusual resistance to the streams from the giant and to the shearing stres- 
ses, the process is often accelerated by drifting into the bank at the toe 
and turning off powder chambers in lines parallel to the line of the toe. 
A charge of explosives is then fired, which loosens the bank and permits it 
to cave more readily. 



Fig. 8 . — Typical placer-mi ning_^ope ration. 



Fig. 9. — ^Excavating gravel containing a great amount of ice. 


Figs, 8 and 9 show a special case in placer-rdining operations, as the 
cementing material consists of ice. The photographs were supplied by 
Mr. C. H. Munro, acting general manager of the Yukon Gold Co., oper- 
ating in the vicinity of Dawson, Yukon Ter. Fig. 8 shows one of the 

vpL. Lxin. — 22 . 
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operations of the Yukon Co., at Cheechaco Hill, near Dawson, in Sep- 
tember, 1911. The bank is approximately 100 ft. (30 m.) high and the 
ground contains a small enough quantity of ice to permit its removal by 
the normal method of operation; that is, by removing the toe of the slope 
with the giant. This bank is composed of comparatively small gravel, 
the boulders, as a rule, being less than 6 in. (5 cm.) in diameter and seldom 
running above 1 ft. in diameter. The bank shows clearly the normal 
line of rupture, and a slope of M to 1 drawn from the top strikes exactly 
at the edge of the toe. 

Fig. 9 shows a bank in the vicinity that is being mined by an entirely 
different method, because of the great amount of ice in the gravel. If 
this bank were undercut by the stream and operated as in Fig. 8, exces- 
sive amounts of material would be brought down in the form of large 
blocks cemented together by ice. The water is, therefore, being used as 
a thawing medium and is allowed to run down over the tops of the banks 
from ditches. The streams from the giants are also played against the 
sides of the bank near the top. • As the ice thaws, the* gravel ravels off 
and falls to the foot of the slope, where it is removed by streams from the 
giant at the bottom and is washed through the sluices. This case is the re- 
versal |of the usual method and is made necessary by abnormal conditions 
of frost. It is practiced only in districts affected by climatic conditions 
of unusual severity, such as in Yukon Territory. Fig. 8 represents a 
typical case in placer-mining operations and shows the exact conformity 
of the behavior of gravel banks to the theory under discussion. 

Rock 

In ordinary civil-engineering practice, excavations are not carried to 
depths sufficient to develop the true behavior of rock under failure. In 
open cuts for railroads, subways, streets, etc., firm rock free from mud 
seams or other local planes of weakness will stand with vertical faces until 
it commences to ravel off from the effects of weather. No true test of 
the behavior of rock can be obtained except from excavations at depths 
great enough to overcome its resistance to the shearing stresses resulting 
from its weight. Such tests are now available from the results of caving 
operations carried on in extracting ores at some of the large copper proper- 
ties in the southwestern part of the United States. 

The Nevada Consolidated Copper Co., operating at Ely, Nev., was 
the pioneer among the so-called porphyry coppers, worMng large bodies 
of low-grade copper ore on an extensive scale. Three types of mining 
operations have been carried on at this property — steam-shovel mining in 
open pits, top-slicing in the Veteran orebody, and caving by the branch 
raise system in the Ruth orebody. Mining operations are still under way 
in the Ruth orebody and the surface is subsiding progressively. It will 
be some time before the subsiding surface will have cracked to its 
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ultimate limits, and the data obtained from this section of the mine at 
present is not conclusive. Mr. Lakenan states that, from his experience, 
he expects cracking to occur out to the intersection with the surface of 
a line projected upward from the stopes at an angle of around 60° to 
70°. This corresponds very closely with the angle of a 34 to 1 slope, 
which is 63° 26'. 

The Veteran mine, however, furnishes excellent material for study. 
This was the first large-scale underground mining operation among 


Scoilc In Feet 



the porphyry coppers. The ore stoped averaged aroond to 3 per cent, 
copper. The copper minerals occurred principally in porphyry, and to 
some extent in limestone, the ground overlying the orebody being largely 
limestone. The limestone varied considerably in hardness and, conse- 
quently, the capping was not homogeneous and broke rather irregularly. 

The Veteran orebody was completely stoped out about six years ago 
aUd sufficient time has elapsed for settlement to progress until the Out- 
face has probably reached a condition of stable equilibrium. The mine 
was worked by the top-slicing system. By this method, the irregular 
Upper portion of the body is extracted with square-set timbering, one dr 
two floors high as niay benoeess^ai^^i^ ievi^ off and start with a uniform 
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top surface. The lower posts are then blasted and the ground allowed to 
cave, bringing with it a mat of broken timber. Another slice is then 
taken in the form of a top heading 8 or 9 ft. high across the orebody, 
the timber mat above being picked up on posts. These posts are again 
blasted and the capping again dropped the height of the slice, this opera- 
tion continuing until the bottom of the orebody is reached. The mat of 
broken timbers follows the extraction of ore and prevents dilution with 
barren capping. Top-slicing is a method particularly well adapted to an 
orebody such as that of the Veteran mine, where the ore was of compara- 
tively high grade and the capping so low in value that it was considered 
best to avoid all possible dilution. In orebodies of lower grade, which 
will not stand as much expense for mining, particularly where the capping 
contains some values so that the effects of dilution are not as serious, 
cheaper methods, such as caving by the branch raise system, or by 
shrinkage-stoping, are in more general use. 

Fig. 10 gives typical transverse and longitudinal sections, showing 
the space formerly occupied by the orebody and also the subsided 
surface above the stopes. These sections show the behavior of limestone 
in failure at depths of from 400 to 600 ft. It wiU be noted that lines 
projected upward on a slope of to 1 from the point of probable failure 
in the stopes intersect the surface very close to the outer limits of fracture. 
The errors of observation, if they may be given such a designation, are 
relatively small, the difference between the actual and theoretical points 
of outermost subsidence, as compared to the horizontal projection of the 

to 1 slope line, are respectively 25 ft. in 155 ft. (7.6 m. in 47 m.) on 
the left-hand side, and 25 ft. in 215 ft. on the right-hand side of the 
transverse section, and 10 ft. in 196 ft. on the longitudinal section. The 
average error is only slightly over 10 per cent.; this case may, therefore, 
be taken as confirming very closely the Haines theory of the behavior of 
sohds under failure in excavating operations. 

It is interesting to note the relatively small proportion of the stoped 
area accounted for in the area between the original surface and the sub- 
sided surface. This is accounted for by the arching action in the broken 
capping, the separate blocks of ground and the’voids together occupying 
a greater space than the original material. The usual experience in 
stoping ore by the shrinkage system, where the broken material is main- 
tained at a level that will permit the miners to reach , the backs of the 
stopes, is that 1 ton of ore must be drawn out of every 3 tons blasted — 
in other words, 2 tons of broken ore in the stopes occupy as much space 
as 3 tons in place. 

Miami Copper Co. operates a large underground mine at 
Miami, near Globe, Ariz. Development of the company's property 
commenced soon after that of the Nevada Consolidated, and from a 
standpoint of time it was the second one of the porphyry coppers to 
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extract comparatively low-grade ores on a large scale by underground 
mining methods. 

Copper ore occurs at Miami in theform of chalcocite scattered through 
the rock in small grains and films. Part of the orebody is in granite por- 
phyry and the remainder in schist. The limitations of the orebody are de- 
termined by commercial considerations. In the upper part; the values 
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Fig. 11 . — Tsansveese section A-B theough caved stope in geanite. 

have been reduced to a considerable exteiit by leaching, and the copper 
remaining has been oxidized into a form that does not lend itself to 
recovery by concentration. It is therefore desirable to separate the sul- 
fide ores from the lower grade capping; and on account of the relatively 
low grade of the ore, the mining method must be one resulting in low costs 
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Rg. 12 . — LoNGITTOINAI. SECTION OF SHKINKACTi STOPS. 


of operation. The company’s financial success has been achieved through 
large-scale operations with cheap mining and milling costs. 

Mr. J. Parke Channing, vice-president, and Mr. P. W. Maclennan, 
aasistaht manager, have furnished surveys showing the subsidence qf 
the ground. Proin these, pigs. 11 and 12 have been prepared. , Two 
methods of mining have b^'usedj-tp^dicing and shrinka^e-stopng; 
the s^Mon given is from &p&t’w tfe pfoperiy where the shrinkage 
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system was used. Briefly outlined, the method consists of stoping out 
alternate bands across. the deposit, drawing off only enough material to 
leave a space between the broken ore and the top of the stope, leaving 
pillars of ground between the stopes for temporary support. The stopes 
are spaced 25 ft. from center to center an(J their width is such as to leave 
partitions between them of from 5 to 15 ft., depending on the character 
of the ground. As the stopes reach the upper part of the orebody the 
pillars commence to crush, which action is assisted by undercutting. 
The weight of the material above breaks the ore into pieces small enough 
to be drawn out in cars. In this method of mining, it is only necessary 
to drill and blast about 20 per cent, of the ore, the remainder being crushed 
by its own weight and the weight of the capping. The broken ore is 
drawn out until the dilution with capping lowers its grade below the 
commercial limitations of value, and the broken capping settles as the 
ore is drawn, filling the space left by the stope. The longitudinal sec- 
tion, Kg. 12, gives a general idea of the method; it is not complete 
in detail, for the various sublevel entrances and shafts are not 
shown. 

The transverse section. Pig. 11, shows the relation existing between 
the underground excavation and the breaks in the surface. On the right- 
hand side of the sketch the wall stands vertical; this is due to the fact 
that the excavation at this point is only 200 ft. (60 m.) deep; or not deep 
enough to overcome the shearing strength of the rock. On this side of 
the orebody the material is harder. On the left-hand side of the sketch, 
where the excavation is deep enough to develop the true behavior of the 
material and where the rock also has a lower shearing strength, the to 
1 slope projected downwards from the break in the ground surface 
intersects exactly the bottom edge of the stoped area. If the broken 
capping that now fills the excavation were rembved, there is no reason 
to doubt that the line of rupture would be found as outlined on the 
sketch. 

Comparing a transverse section of the Miami Copper Co. mine with 
that of the Veteran mine of the Nevada Consolidated Copper Co. shows 
the difference in the type of breaks. In Pig. 11 the ground is broken 
sharply and the surface has slipped down, leaving a sheer wall at the 
point of fracture, while in the case of the Veteran mine subsidence is not 
as sharply marked and the outermost fracture is only a small crack. 
The different types of subsidence are due partly to the fact that the ratio 
of the height of the orebody and the distance from the top to the surface 
are much greater in the case of the Veteran mine, and the capping there- 
fore has an opportunity to settle slowly and develop an arching action. 
The mining method employed also results in much quicker settlement at 
the Miami property, the ground being undercut and caved and not let 
down gradually, step by step, as it were, as in the top-slicing method used 
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at the Veteran. Fig. 13 shows the subsided surface at the point covered 
by the transverse section in Fig. 11, and shows the decided breaks and 
steep slopes resulting from quick settlement. 

The results from the Miami Co.’s operation check exactly the theory 
under discussion; and taken in connection with those Jrom the Nevada 
Consolidated mine show that the behavior of porphyry undercut and 
caved by the shrinkage-stoping method in Arizona is the same as that of 
limestone settling over stopes worked by top-slicing in Nevada. 



Fig. 13. — Surface at point covered by transverse section in Fig. 11. 


Mr. Louis Cates, general manager of the Ray Consob* dated Copper Co., 
at Ray, Ariz., made for use in this paper extensive surveys and studies of 
the subsidence over the stopes of his property. Unfortunately the results 
so far are of little value for comparative purposes and only show that no 
inference can be drawn as to the behavior of rock under pressure unless 
predicted upon results from excavations carried to depths sufficient for 
the weight of the material to overcome its shearing strength. 

The Ray Consolidated Copper property is somewhat similar to the 
Miami, and its underground orebody is mined by a similar shrinkage 
stope method. Stoping is proceeding on severaL levels, and the surface 
is still subsiding and has not reached an equilibrium. One small orebody 
has been completely removed, but this is only approximately 100 ft. 
below the surface. The situation is complicated by the occurrence of 
numerous hard crystalline ribs, which cause an irregular line of fracture. 
The shape of the stopes is also very irregular in the horizontal plan, 
and as a result the angle between the outermost fracture and the nearest 
edge of the stope varies considerably. There is also a tendency for 
breakage to occur at the junction of the hard ribs and the softer material. 
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From the sections furnished by Mr. Cates, it is possible to obtain almost 
any result from a vertical out to an angle of 60° from the horizontal. 
Even these unsatisfactory results from the only worked out orebody 
of the Ray Consolidated property are, however, enough in themselves 
to show the fallacy of formulas that employ functions of the angle of 
repose, since for the purpose of such formulas it would be necessary to 
assume the angle of repose of solid rock at 90°, and the sections furnished 
by Mr. Cates show at several points lines of fracture at the surface located 
as far out as the intersection of a to 1 slope from the vertical plane of 
the nearest edge of the stopes. 

Application to Mining Problems 

If it were possible to remove, within the limitations of unit cost that 
govern the particular mining operation under consideration, aU of the 
material l3dng within the lines of rupture, the sides of an open cut would 
have a shape similar to that drawn on several of the foregoing illustrations; 
that is, the walls would break practically straight down for approximately 
haK their height, curving thence inward to the bottom, and a slope of 
H to 1 drawn from the top of the bank would intersect the junction of the 
line of fracture and the bottom of the excavation. Evidently this is the 
maximum limit of stability for an open pit of great depth. In steam- 
shovel operations, however, many other factors limit the boundaries of ah 
open pit to slopes much flatter. In the first place, such excavations pro- 
ceed in benches, each bench being wide enough to contain the steam shovel 
and the tracks over which the excavated material is removed. Economies 
of steam-shovel operation require that the line of cars pass the shovel and 
therefore the bench must be wide enough to contain at least two lines of 
tracks. Furthermore, the method of mining involves blasting in the 
successive faces, particularly near the bottom of the slope, and the rock 
dislodged by the blast assumes an angle of repose due to its then being in 
loose particles and not in a mass possessing cohesion. The slope assumed 
by the broken rock under these conditions is approximately 45°, so that 
the ultimate slopes of the boundaries of steam-shovel pits, being deter- 
mined by practical problems of operation, may be roughly calculated as 
the angle of which the tangent is the total vertical depth of the ex- 
cavation divided by this same figure plus the sum of the widths of 
the benches. The 'writer has not had the opportunity to make any 
extensive studies of steam-shovel pits of this type, but judging from 
data that Mr. Lakenan has submitted, a slope of 40° would be a good 
one to use in estimating approximately the amount of ore recover- 
able by operations of this type. In cases where it is possible to carry 
unusually high banks above the benches and the ground is suflS.- 
ciently homogeneous so that slides will take place only as a result of 
failure from shearing stresses, and not along local "planes of weakness, 
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lines of maximum fracture may be plotted in accordance with the prin- 
ciples discussed earlier in this paper. Perhaps, through the application 
of these principles, it might be possible to work out methods of open-pit 
excavation in which the benches would be at much greater differences 
of elevation, crushing of the rock being accelerated by blasting at the 
foot of the bank so that it would cave from above, the fallen material 
being removed by the steam shovel up to the line of rupture. In other 
words, with the knowledge that rock and gravel both behave the same 
under failure when excavations are carried to depths sufi&cient to develop 
pressures in excess of the shearing stress of the material, it might be 
possible, at least in certain types of rock, to work out mining methods 
somewhat similar to those used in placer-mining operations, the material 
being brought down in the same way but removed by steam shovel and 
cars instead, of by the hydraulic giant. 

In planning the development of underground-mining operations in- 
volving stopes of large area and at considerable depth, slopes of approxi- 
mately 70° O'i to 1) should be projected upwards from the location of the 
outer boundaries of the stopes at controlling points and lines drawn con- 
necting the intersection of such slopes with the surface. Within these 
lines will be contained the entire area of ground that will be disturbed 
by settlement cracks resulting from subsidence over the stopes, providing 
the rock is fairly homogeneous and there are no extensive fault planes or 
contacts between rocks differing greatly in hardness. Where extensive 
fault planes occur, consideration must be given to the possibility of ex- 
tensive movement along such planes. In most cases, however, surface 
improvements and underground developments will be free from disturb- 
ance if located outside of the area delineated, but they are practically 
sure to be in danger if located within that area. As a matter of fact, 
those responsible for the development of large-scale underground mining 
operations probably already act more or less in accordance with this idea, 
having noted by observation the settlement of ground outside of the 
vertical boundaries of the stoped area. 

Earth Pressures 

The foregoing series of comparisons of failures in materials ranging 
from damp sand to rock appear, to the writer, indications of the existence 
of a general law governing the line of rupture for all materials of Class A 
(materials possessing cohesion). The position of the line of rupture and 
its relation to the dimensions of the excavation appear to be independent 
of the angle of repose of the material and also independent of the amount 
of cohesion. It would also appear that the only material that can 
exert pressure upon a retaining wall or upon the sheeting of a cut is that 
which lies between the line of rupture and the retaining wall or sheeting. 
For a given depth of cut, always assuming the depth to be great enough to 



346 


BABTH AND ROCK PRESSURES 


overcome the shearing strength of the material, the volume will be con- 
stant irrespective of the character of the material. 

The influence of cohesion on earth pressures is beginning to receive 
more consideration from the engineering profession; it has been dis- 
cussed by Mr. William Cain in recent papers before the American Society 
of Civil Engineers. Even he, however, is inclined to employ functions 
of the angle of repose in his calculations of earth pressure, while the writer 
feels that for all materials possessing cohesion variations in the angle of 
repose have no effect upon pressmes. 

It is not the ptirpose of this article to attempt to develop a new formula 
for earth pressures. It is a matter of common observation among con- 
tractors and engineers in charge of excavating operations that the exist- 
ing formulas are erroneous. Mr. Haines and Mr. Meem have made 
valuable contributions toward the study of earth pressures, and the 
fundamental principles they have discovered should be used as a basis 
for the determination of a suitable formula. In the meantime, it is un- 
fortunate that textbooks and reference books still give for the guidance 
of the engineer formulas so utterly at variance with observed results; 
for example, the American Civil Engineers’ Pocketbook, 1916 edition, 
gives the Coulomb formula, which results in an estimate of pressure 
directly proportionate to the unit weight of material, the depth, and a 
function of the angle of repose. The Public Service Commission for the 
First District, State of New York, uses a modification of this formula in 
calculating pressures on subway structures, said modification being in 
effect nothing but the assumption of a constant weight per cubic foot 
and angle of repose for all classes of earth materials. 

Unfortunately there are practically no extensive authoritative meas- 
urements of earth pressmes available against which calculations may be 
checked. To determine the true pressures from any material, it would 
. probably be necessary to dig a trench, preferably timbered with hori- 
zontal sheeting, for a length of at least 1000 ft. (304 m.) and to a depth 
great enough to develop pressures in excess of the shearing strength of 
the material, and take regular extensometer readings on the transverse 
braces as excavation progressed. The operations would have to be under 
careful control, and the rangers compressed with screw jacks on tempo- 
rary braces before the permanent braces were installed, so that none of the 
actual pressure of the earth would be employed in compressing the rangers 
and sheeting and that no compression would be driven into the bracing 
by wedging. 

The most valuable series of tests with which the writer is acquainted 
was made by Max Miller, junior engineer, 7th division, Public Service 
Commission for the First District, State of New York, in a subway 
cut on Flatbush Avenue at Eastern Parkway in 1916. In these tests, 
the earth pressures were computed by measuring the deflection of rangers 
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over a bank area 22 ft. (6.7 m.) horizontally and 55 ft. (16.7 m.) vertically. 
The excavation at this point was 85 ft. wide and 80 ft. deep in a soil con- 
sisting of coarse sand mixed with about 20 to 30 per cent, of clay and some 
gravel. Because the lower 20 ft. of the cut was occupied by the com- 
pleted structure, the measurements have no particular value below a 
depth of 60 ft. The graphic chart of pressures indicates that very nearly 
the maximum was reached at a depth of 15 ft.; also that the maximum 
pressure encountered was at a depth of 25 ft. and continued at about the 
same amount to 48 ft., when it began to decrease again. The results 
of these tests, which were carried on in Class A material, which should 
act as a solid under failure, indicate that earth pressures reach a 
maximum at a point slightly higher than half the depth of the cut, main- 
taining about the same amount of pressure over a distance equal to 
approximately one-quarter of the height of the bank, and that the total 
pressure on the timbers in the upper part of the excavation is greater than 
the pressure on the timbers in the lower part of the excavation. At 
a depth of between 15 ft. and 45 ft. below the surface, the pressure in 
this instance remained practically constant at around 900 lb. per sq. ft. 

The following tabulation shows the extreme variance between pres- 
sures as calculated by the usual formulas and the results observed at the 
Flatbush Avenue cut. The angle of repose is taken at the usual figure for 
soil (36° 53'), and the weight of earth at 80 lb. per cu. ft. The pressures 
are given in pounds per square foot of area. 


Depth, Feet 

Calculated Pressures 

Actual Pressures 

Coulomb Formula 

P. S. C. Formula 

15 

300 

500 

900 

45 

900 

1500 

900 

55 

1100 

;i833 

300 


The formulas used in these calculations are: 

Couhrnh’s Formula. — P = Wh X tan® ^45° — ^ 

Public Service Commission Formula. — P = — 

in which P — pressure per square foot at depth h; 

W == weight of earth per cubic foot; 

4> — angle of repose. 

In considering the nature and distribution of the pressures exerted on 
the timbers supporting a vertical bank in an earth cut, where the material 
is of Class A, the followir^ points may be considered as weE established. 
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1. The pressure on the timbers reaches a maximum at or sKghtly 
above a point half way between the top and the bottom, and the total 
pressure in the upper half of the cut is greater than the total pressure in 
the lower half of the cut. This is a matter of common knowledge among 
contractors excavating earth and supporting vertical banks with sheet- 
ing and braces. 

2. It has been shown by Mr. Haines that the line of ruptm-e in an earth 
bank after failure is roughly formed by a one-quarter circle meeting the 
bottom of the cut, extending vertically in a tangent intersecting the sur- 
face at a distance back from the edge equal to half of the height. It has 
been the purpose of the foregoing to extend Mr. Haines’ observa- 
tions and prove that the relation he discovered is the expiession of a law 
that applies to aU cohesive materials considered under Class A. It 
also appears that no pressures should come from any of the material 
lying behind the line of rupture, but that aU effective pressures must be 
due to the action of the material lying between the supported face of the 
bank and the .line of rupture. 

3. Mr. Meem has shown, by several experiments, that sand con- 
tained in a box can be naade to support its own weight and even additional 
weight by arching action when all support is removed from a loose section 
of the bottom of the box. This arching action appears to be effective 
only when the lower part of the sand remains in place to act as centering, 
but little if any direct vertical pressure comes upon the sand which acts 
as centering. The fact that earth materials develop such arching action 
on a large scale in actual construction is shown by the fact that the tim- 
bering m tunnels and drifts does not show more than a small proportion 
of the pressure that would come upon it if it were required to support the 
entire weight of material from the roof to the surface. The writer’s 
observations of construction work in New York City and elsewhere 
have wholly satisfied him as to the soundness of Mr. Meem’s theories 
in this respect. 

Granting the above premises, which appear fully sustained by obser- 
vation and experiments, the deduction is that the pressures in a sheeted 
earth cut come from the arching action of the material lying between the 
line of rupture and the sheeting. This material is always broken and has 
settled to varying degrees, though often so slightly that settlement may 
not be apparent to the eye. Its cohesion has been at least in a large part 
destroyed and its behavior is different from that of the cohesive undis- 
turbed material lying back of the h'ne of rupture. 

Fig. 14 is a possible explanation of the observed behavior of timber 
cuts. This figure represents an idealized cross-section of one side of an 
earth cut in Class A material, timbered with horizontal sheeting, vertical 
rangers, and horizontal transverse braces or struts at regular intervals. 
The timbering dimensions and locations of members are to be taken as 
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illustrative, and not as necessarily representative of suitable design for 
a particular case. If the pressures act as indicated in the sketch, the 
explanation of heaviest pressure in the upper part of the cut and little 
or none near the bottom is apparent. It is also apparent that a run of 
ground at the bottom would remove the centering, destroy the earth arches, 
and result in a collapse of the system. It is also apparent that the col- 
lapse would commence at the top, since it would be the result of the heav- 
ier top pressures of the opposite side. As a matter of fact, this is exactly 
the type of collapse that occurs when timbering supporting the sides of 
an excavation in sand fails as a result of a run at the bottom. It there- 
fore follows that the material at the bottom transmits practically no 
pressure against the timbers, and yet it must at all times be supported 
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Fig, 14. — Idealized section oe eabth cut and timbebing. 

and hfeld in place. Very light timbering will suffice at the bottom, yet 
it must be close and securely held. The use of knee braces, or any other 
form of support at the bottom, except definite transverse bracing, should 
be discouraged. 

It is clearly understood that all of the foregoing refers only to materials 
possessing cohesion and acting as solids, here called Class A materials, 
these materials ranging in character from damp sand to rock. The 
analysis of a sheeted cut in wet clay or any other material that flows imder 
pressure is distinctly different. In such materials pressures will increase 
regularly from the top toward the bottom and will be heaviest at the 
bottom The writer has observed certain cuts carrying clay near the 
bottom, in which the material acted as outb’ned in Fig. 14 for a consider- 
able period, but after standing 18 months or more, the clay began 
to squeeze and pressures later developed at the bottom to such an 
extent as to bow the lower transverse braces out of line ^nd ^apk 
the sheeting in places. 
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Materials are not always clearly in any one of the three classes arbi- 
trarily assumed for the purposes of this paper. The classes shade im- 
perceptibly into one another, and material encountered in excavation 
may partake of the nature of any two classes. In case of doubt, it is 
advisable to timber cuts uniformly with substantial transverse braces 
of the same size at regular intervals from top to bottom. 

Considering earth pressures in the light of the theory set forth, a 
new light is thrown upon an interesting question sometimes encoimtered 
in subway construction. Assume that a cut has been excavated to a 
depth of 60 ft. (18 m.) in earth and that the transverse timber braces in 
the upper part of the cut, where the pressures are heaviest, are beginning 
to show signs of heavy loading to the extent, that reinforcement will soon 
be required. Assume further that a steel and concrete structure is then 
placed in the lower part of the cut, up to a height of 40 ft. from the bot- 
tom, taking all of the pressure from the sides up to that height. The 
question arises as to whether or not this relieves any of the side pressure 
and makes unnecessary the provision of additional braces in the upper 
20 ft. If it is true that pressures come from arching action, the answer 
is that there is no relief, that the timbers in the upper 20 ft. of the cut are 
still under the same pressure and require the same amount of reinforce- 
ment as if the permanent structure had not been placed in the lower 40 ft. 

It is also interesting to give at least speculative consideration to the 
difference between material existing in a natural bank, or even loose 
material behind a retaining wall which becomes more or less compacted as 
it is placed, and the same material as it is piled loosely. A bank of sand 
and loam may stand for years, unless affected by rain and wind, at a slope 
corresponding to the line of rupture discussed in earlier paragraphs, yet 
material taken from the same bank and loosely piled will assume com- 
paratively flat slopes, or, in other words, an angle of repose. The writer 
obtained a good illustration of this point in October, 1919, in the plant of 
the Chelsea Lumber & Box Co. near Klamath Palls, Ore. This company 
had a sawdust pile approximately 30 ft. high, which had accumulated 
during the summer of 1919 (each summer^s accumulation is burned during 
the following winter). The material, which consisted in part of grains 
of sawdust fiom cut-off and other saws and in part of small chips from 
planing machines, assumed a slope of 46° or flatter as .piled. During the 
late summer and early fall, one. face of the pile was excavated with 
scrapers and the material used for filling in adjacent marsh lands. As 
the scrapers worked at the bottom, the sawdust caved and fell from 
above and the face assumed exactly the line of rupture common to the 
materials considered under Class A. Vertical breaks appeared in the 
top of the pile, these continuing roughly half way down and sloping out- 
ward toward the bottom. The bank of sawdust gave the writer excellent 
illustrations of the type of conchoidal fracture that Mr. E. G. Haines 
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recognized in earth excavations and discussed before the American 
Society of Civil Engineers 12 years ago. Even this loose sawdust, pos- 
sessing so little cohesion and having been compacted only by its own 
weight over a period of a few months, shows clearly the difference in 
slopes assumed by any particular material piled loosely and the same 
material failing in the -bank of an excavation. 

This point has an important bearing on underpinning problems and 
all other problems involving the determination of the safety of structures 
adjacent to excavations. To determine the safety of a structure adjacent 
to an excavation, it is necessary to develop the boundaries of the material 
that will be affected by the failure of the banks of the excavation. Since 
the behavior of material in a bank is different from that of the same 
material piled loosely, considering of course only materials that in the 
bank possessed a certain amount of cohesion, it is evident that the area 
of disturbance cannot be determined by plotting slopes obtained by the 
study of the material when loosely piled. The use of a slope or angle of 
repose based upon the study of loose material will lead to erroneous results. 
As a matter of fact, there is probably a small area beneath such a line in 
which the ground will be disturbed and a much larger area above the line 
in which the groimd will not be disturbed. We are much nearer a solu- 
tion of underpinning problems, when considering Class A material, if we 
realize that the line of fracture is made up of practically a vertical line 
extending approximately half the depth of the excavation and thence 
curving outward to the bottom than we are if we assume it as a uniform 
slope determined by the study of the loose material. 

While a proper formula of earth pressures is yet to be developed, at 
least this much is apparent: that the existing formulas that make use of 
an angle of repose and result in an estimate of pressure greater at the 
bottom of a cut do not hold for earth materials in Class A. The ideas 
developed by Mr. Meem and Mr. Haines are too important to be for- 
gotten by the profession, and while this paper has not added to their work 
much of material importance, or anything new except perhaps the com- 
pilation of a series of comparisons of earth and rock under failure, its 
purpose will be served if the subject is again brought up for discussion and 
review by mining and civil engineers and the work of these two men given 
further consideration and amplification. 

DISCUSSION 

E. G.. Haines, Brooklyn, N. Y. (written ^cussion*). — When 12 
years ago I made the statement that, carried to a sufidcient depth, a cut 
in solid rock would fail and behave in precisely the same manner as one 
in earth, I was taking a shot at a target I could but dimly see, but the 


* Received Feb. 18, 1920. 
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statement was made in good faith and T am very glad that Mr. Moulton 
has found the results so close to the prediction. Frankly, I should have 
been much surprised had he found them otherwise, for the statement was 
made after long observation of the manner of failure of earth, under 
widely differing conditions, as a result of which I was firmly convinced 
that the commonly accepted methods of determining earth pressures 
were erroneous. 

Pressures are usually determined on the basis of Coulomb’s formula, 
or some modification of the hydrostatic formula, where factors for the 
friction of a sliding mass are introduced. This requires the assumption of 
a sliding plane, or angle of repose. Asa matter of fact, in an undisturbed 
bank of earth there is no such thing as an angle of repose. Even in 
materials that break into a fine granular mass and will stand only at 
very flat slopes when piled, an excavation can often be carried down 
vertically for some little distance before failure occurs, even though the 
material has been piled but a short time. 

When an excavation is made through most classes of earth, it can 
always be carried to a certain depth before the bank fails. When failime 
occurs, it is not at the angle of repose of the removed material. Instead, 
it shows a curved line, usually closely approximating a circular curve in 
the lower portion; the upper portion often is vertical and tangent to the 
curve of the lower portion. In a long trench carried to uniform depth, 
there wUl usually be a number of short slides, the lengths seldom exceed- 
ing very much the depth of the excavation. Such slides, or failures, are 
purely local matters. They may be due to local weakness but are more 
likely to be an indication of the fact that the excavation has reached 
the critical depth and is on the verge of failure. The distance back from 
the excavation to the upper edge of the failure (or the crack, in case the 
excavation is timbered) usually approximates one-half the depth of the 
excavation at the time of failure. 

Mr. Moulton has given me credit for bringing these matters to the 
attention of engineers. I can hardly claim that honor. The relation 
between height and width of bank failures was mentioned by the late 
Sir Benjamin Baker, in 1880, in a paper® before the Institution of Civil 
Engineers in connection with the excavation for the London underground 
railroads. He was, however, unable to describe a reason for that relation, 
but did point out that it was inconsistent with the usual theory and with 
the angle of repose for the particular material encoimtered. The curve, 
which is a noticeable feature in the fracture of earth banks, was also 
mentioned by Mr. Wilfrid Airy in the discussion of that paper. My 
attention has recently been called to a paper* presented. by Mr. Airy, 
in 1878, before the Institution of Civil Engineers, in which he pointed 

® Actual Lateral Pressure of Earthwork. Proc. Inst. Civ. Engrs. (1880) 66, 140. 

< On the Slopes of Cuttings. Proc. Inst. Civ. Engrs. (1878) 66, 241. 
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out that excavation could be economized and safety insured by dressing 
the banks to a curve tangent to the vertical at the top, and tangent to the 
angle of repose at the bottom, instead of extending the line of the angle 
of repose to the top of the bank. Neither of these men, however, ad- 
vanced any reason for the relation between height and width, or the 
curved form of the fracture, both of which are of the highest importance 
and give an indication of the cause of failure. 

In my discussion of Mr. Meem's paper before the American Society 
of Civil Engineers, I presented an explanation of both these features and 
stated what I believed to be a simple natural law governing both the 
form- of the fracture and its location which is essentially as follows: 

In the case of earth or other homogeneous granular masses, failure 
takes place, to state the matter in a very elementary way, simply because 
the force exceeds the resistance. The force, in the case of an earth bank, 
is composed of the sum of the weights of the individual grains of the 
material acting vertically downward; there is no other active element. 
The resistance may be called cohesion, adhesion, shear, or anything one 
chooses; I use the term shear^ which it most closely resembles in its 
action. The entire resistance equals the sum of the resistances of the 
individual grains over the entire surface that fractures. It may also be 
stated, as an elementary axiom, that failure will take place at the instant 
when the sum of the forces exceeds the sum of the resistance units. It 
may further be stated that failure wiU occur in that form which allows 
the greatest possible weight to be opposed to the smallest possible resist- 
ance. From geometry, we know that this condition is satisfied only when 
the weight is in the form of a sphere. This condition at once accounts 
for the relation of height to depth and for the curved form of the fracture 
in the earth, as the fracture is hemispherical in form. The fact that the 
upper part of the fracture is often vertical is due simply to the fact that 
the tangent from the curve to the surface of the earth is shorter than 
the arc in the upper .quadrant, and forms therefore a path of least resist- 
ance. The volume of a sphere varies as the cube of its diameter, whereas 
its surface varies only as the square; it is therefore evident that at some 
depth failure -must occur. This apphes as well to a hard granular 
material, such as rock, as it does to moist sand. 

At the time this theory was propounded, to test its application, 
a number .of cases and conditions were cited, which it is unnecessaTy to 
repeat here. I would state, however, that in the past 12 years I have 
had an opportunity to verify those statements on dt)nstruction work 
involving the removal of several nailhon yards of excavation in shafts, 
tunnels, and subways and see no reason to modify any of the statements 
I at that time made. On the contrary, I have every reason to believe 
that they have been confirmed. 

While heretofore ne^ected, the position and form of the fracture 

VOL. Lxrn. — 23 . ' . 
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curve is of the greatest importance in connection with construction work, 
especially work similar to the subways, where numerous large buildings 
and other structures are adjacent. Mr. Moulton has mentioned this- 
fact in its relation to underpinning of buildings. In the past, the safety 
of a building adjacent to excavation has been determined largely by the 
position of its foundations with reference to an assumed angle of repose 
from the bottom of the proposed excavation. This line has often been 
taken as one vertical to one horizontal, and in some doubtful cases as one 
vertical to two horizontal. On neither of these lines can it be determined 
whether or not a building will be disturbed by an adjacent excavation. 
On both lines, it is possible that a building may be either safe or unsafe, 
depending on the depth of its foundation below the surface and the dis- 
tance from the excavation. In the case of a 2 to 1 slope, for instance, a 
building with a shallow foundation, which naturally places it farther from 
the excavation, will probably be safe; whereas if it stands closer to the 
excavation, say at a distance one-half the depth of excavation, it may or 
may not be safe; while if close to the excavation it is most certainly 
unsafe. This condition is due to the fact that the curve of earth frac- 
ture is, theoretically and usually in fact, nearly horizontal at the bottom 
of the excavation. 

During the past 20 years, in connection with subway construction, I 
have investigated the conditions affecting the stability of several thousand 
buildings adjacent to the excavation. A large percentage of these have 
been underpinned by various methods with varying degrees of success. 
The influence of the fracture line on earth banks has been most marked 
in connection with this work and I am convinced that the determination 
of the degrees of safety based on any assumed angle of repose is an 
improper and dangerous method. In a number of cases buildings, which 
would probably have been safe without underpinning, have been badly 
cracked and injured, after underpinning, as excavation proceeded. 
The underpinning piers added weight to the bank near its critical line 
and the excavation for the piers weakened the bank at the same line,, 
both of which had a tendency to cause the bank to shear at a greater 
distance from the excavation than would otherwise have been the case. 

Certain of the illustrations given in Mr. Moulton's paper referred to 
deep mining operations, in which the overlying material is described as 
limestone or granite. One would appear to indicate that a considerable 
amount of earth was over the rock. One of the objections stated against 
the 'theory I hav^ proposed for soil failure is that it would not apply to 
stratified material. I wish to take exception to that statement. As 
stated at the time it was proposed, the theory applies to any and all 
granular materials. The fact that the material is stratified does not 
materially influence the problem. Failure is due simply to the summa- 
tion of weights and resistance; and while the height and width of the 



DISCUSSION 


355 


fractured volume will be controlled by the predominant material, earth 
weighs approximately two-thirds as much as rock and where they occur 
together is usually much less in amount. The condition of maximum 
force and minimum surface will still approximate a spherical fracture. 

Robert Ridgway, New York, N. Y. (written discussion*). —It is 
clearly pointed out in the paper that the author is only discussing the 
behavior of materials, rock and earth, that act as a solid, called by him 
^Xlass A’’ material. This must be borne in mind by those who study 
the paper and the slopes or lines of fracture imder discussion must not be 
confused with those assumed by the same material after a long exposure 
to erosion and to the weather. The flattened slopes resulting from long 
exposure approximate the angle of repose and are due to entirely different 
causes than the pressures discussed in the paper. We know that steam 
shovels naturally excavate in Class A earth to slopes that approximate 
the author’s line of rupture and that these slopes stand for long periods 
of time without caving, generally until erosion or weathering flattens 
them. 

One frequently sees a timbered trench in which the timbering of the 
upper half indicates stress while the lower timbers do not. Recently, 
a trench 55 ft. deep and about 40 ft. wide was timbered in the usual way. 
After several months, the timbering of the upper portion showed increas- 
ing signs of stress in spite of the fact that the steel structure had been 
erected in the trench and the side pressures transferred to it for a height 
of about 30 ft., leaving approximately 25 ft. of the upper portion sup- 
ported solely by the timbering. The dividers, or cross-timbers, were 
bowed under the pressure and were biting into the rangers and the sheet- 
ing was badly bowed between the wales. The support given by the 
steel structure in the lower 30 ft. did not appreciably reduce the pressure 
on the timbering in the upper 25 ft. so it was necessary to place additional 
dividers there to prevent a possible collapse. 

Over 30 years ago, the speaker was connected as assistant engineer 
with the construction of what was then called the New Croton Gate 
House at the intake to the New Croton Aqueduct. This structure 
required the excavation of about 125,000 cu. yd. of material, nearly all 
of which was rock, the stripping being relatively light; the location was 
in a steep side hill. A deep recess had to be excavated in the hill at the 
level of the existing aqueduct about elevation 174 and in this recess a pit 
about 40 ft. deep was sunk, in which the massive gate chambers were 
built. The bottom of this pit was at elevation 134 or a little lower, the 
floor of the gate chambers at elevation 210 and the ground surface at the 
back or deepest part of the cut was about elevation 346. In other words 
the greatest depth of the cut (elevation 345-134) was about 211 ft. 


* Received Feb. 18, 1920. 
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These figures are given from memory as the records are not available at 
this time, to the speaker, but they are approximately correct. 

According to the contract drawings, the excavation in rock was to 
have been made with vertical slopes below elevation 270 to the bottomj a 
distance of 136 ft. At elevation 270, a berm was planned about 10 ft. 
in width with rock slopes above it pf eight vertical to one horizontal. 
The work had not proceeded very far before it was found impracticable 
to maintain such steep slopes, so they were flattened from time to 
time until when the excavation was completed to elevation 134 the rock 
slope from top to bottom averaged about two to one. The gate chambers 
were then built, affording masonry or backfilling support to the sides of 
the cut up to elevation 210, leaving unsupported the remainder of the cut 
with a maximum height of about 135 ft. The slopes above elevation 210 
have been exposed to the weather for over 30 years; and while it has been 
necessary from time to time to trim the small masses of rock loosened by 
frost and other causes, there has been, so far as the spealcer knows, no 
trouble from any large movements of the rock. Had it been possible 
to excavate and maintain the cut during construction to the ori- 
ginal steep slope lines the speaker is of the opinion that there woiild 
later have been very extensile movement for the reasons given by Mr. 
Moulton. 

. J. C. Mbem, Brooklyn, N. Y. (written discussion*).— There are 
three points in which the writer differs from the author. The first point 
is that the breaking line, or plane of rupture, of the ground is not in any 
way connected with or dependent on the plane or angle of repose. 
The second is “that formulas for bank pressure should not include any 
functions of the angle of repose. A certain type of earth may have an 
angle of repose approximating 45°, whereas the angle of repose of hard 
rock, except for the influence of local seams and planes of weakness, is 
90° from the horizontal; yet the behavior of each is identical, etc.” 
The third point is the ciassification, which is not sufificiently compre- 
hensive. 

The writer, in a paper read before the Brooklyn Engineers’ Club, made 
five instead of three classifications, as follows: 

Class A, cohesive material, such as solid rock, hard clay, etc. 

Class B, semicohesive material: normally dry granular materials; i.e., 
all soils not included in the other four classes. 

Class C, noncohesive material, such as bone-dry hot s^d, grain, etc. 

• Cl fl ff fi D, semi-aqueous material: all submerged or supersaturated 
soils not included in class E; that is, all soils, such as sand, gravel, etc. 


* Received Feb. 18, 1920. 
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the characteristics of which are not changed by submergence, as in the 
case of clays. 

Class E, aqueous material, such as pure water or other liquids, plastic 
clay, pure quicksand, grout, etc. 

Class E is ehminated from this discussion because the laws of aqueous 
or hydrostatic pressure are well known and need not be considered here, 
except that the fact should always be kept in mind that the pressure is 
due to that of the specific gravity of the basic liquid and not the weight 
per volume. Class A is eliminated, except where operations are on a 
scale sufficiently large to bring the material into class B, as noted later. 
Class C is eliminated except in the notes on experiments later on. 

Coming now to the first point of difference — the relation between the 
breaking line and the angle of repose. It should be borne in mind that 
the break that appears above the tunnel or back of the cut may not 
fairly represent the condition of stress or pressure that existed before 
the disturbance or break occurred. The function of the engineer is to 
brace against the possible break, and the stresses developed by his 
timber or structure are very different from those measured by the area of 
the mass affected if his structure fails, or if he purposely removes the 
support. The fact that the break occurs along cleavage lines, or con- 
choidally or in some other manner, establishes the fact, rather than 
denies it, that there is a plane of repose which may be approximated to 
if not found to be a straight line. For instance, between the breaking 
lines or planes above a tunnel is included a large mass of material whose 
weight does not in any way stress the tunnel structure. Even during , 
the gradual subsidence of the material a large part of its weight is taken 
on the so-called haunches corresponding to the planes of repose as noted 
later; that is, xinless the width of the structure is relatively greater than 
the thickness of cover (or key), in which case the natural arch fails 
and virtually the entire weight comes on the structure or the timbering. 

This leaves for final consideration the second point, that formulas 
based on angles of repose fail because that of solid rock is assumed to be 
90°. It is unfortunate that the author has fallen into this error, since 
further on he states that under large operations the angle of repose of 
rock is equivalent to that of boulders or other aggregate. This being 
true, why or how can it be 90° under small operations? As a matter of 
fact, in such instances its angle of repose is not affected and should not be 
considered unless affected. In other words, the angle at which rock 
will break (when it breaks with everything clear) should be found and 
that only established as the angle of repose. 

In this connection the writer wishes to explode one other fallacy of 
those engineers who approach somewhat gingerly the angle of repose; 
that is, that the angle of repose of water is zero, which is no more true 
than that that of rook is 90°. The fair definition for an aggregate having 
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an angle of repose of zero is that it must give full pressure on a vertical wall 
and none on a tunnel roof ; while an aggregate having an angle of repose 
of 90° must give full pressure on the horizontal roof of a tunnel and none 
on the vertical face of a wall. 

While these conditions do not exist in nature, the writer believes 
they are approximated in the case of bone-dry sand or grain in one case 
and hard clay with lubricated vertical cleavage planes in the other. 
Thus,, the clay with its angle of repose of 90° would give full pressure on a 
t unn el and very little against a waU; whereas the hot dry sand, with its 
angle of 33° ± , would give the maximum pressure on a wall and minimum 
pressure on a tunnel roof. Theoretically, these conditions can be met by 



Fra 16. Fra 18. 


assuming a mass of iron filings drawn horizontally by a powerful magnet, 
as representing an angle of repose of zero and cubes of frictionless marble 
superimposed vertically as representing an angle of repose of 90°, as 
shown in Fig. 15; 

The broad question with which the engineer is concerned, however, is : 
how much stress must be calculated for and met in the design of the 
timbering, the structure, or the operation. Manifestly sometM^ is 
fundamentally wrong with the old formulas and the ordinary course is to 
use them and allow such factors as are dictated by expediency and experi- 
ence. In this discussion the writer approaches the problem not with the 
confidence of solution, but in the hope that his suggestions may help 
pave the way, through experiment on a large scale and through the' com- 
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pilation of such data as are set forth in this paper and otherwise, to a 
final solution of these vexed problems. 

His conclusions are based on these fundamentals: (1) That pressure 
is transmitted laterally through soil; (2) that the tendency of aU soil 
is to arch due to this lateral transmission of pressure; (3) that pres- 
sure through soil is not normally cumulative; that is, a 10-ft. square 
tunnel would have no more stress on its roof (in homogeneous soil free 
from water) at a depth of 1000 ft. than it would at a depth of 100 ft. 
or 20 ft. 

A few years ago the writer showed, before the American Society of 
Civil Engineers, two experiments; one was suggested in an old English 
book and the other was original. By fastening a sheet of tissue paper 
across one end, he converted a 2-in. pipe 24 in. long into a container, 
which he filled, for about 10 in., with hot dry sand. A loosely fitting 
plug, to act as a piston bearing on the sand, was then put in as shown in 
Fig. 16. It was found that ordinary pressure, such as theweightof aman, 
or the fairly delivered blow of a sledge hammer failed to break the paper 
at the bottom. The pressure on the sand is distributed laterally against 
the sides and as the friction increases in proportion to the pressure, the 
stress cannot be transmitted vertically unless the pressure is suflElcient 
to soMdify the sand, in which case the pipe would probably burst before 
the sand yielded. The writer believes that this principle applies to grain 
bins and other similar structures, however large. He also believes that 
this principle accounts for the fact that a hoUoW steel pile, when being 
driven, will pick up a sand plug which prevents farther progress of the 
pile (unless cleaned out), or else it will be carried down with the pile, 
leaving the upper chamber empty. 

In the second experiment, the bottom of a small box was replaced by 
a bottom somewhat larger than the box, as shown in Fig. 17, bolts bearing 
on large washers above passed through it. The box was partly filled 
with hot dry sand, as showm, and the nuts keyed down hard on the washers 
on the sand. When all was tightened in place, the box could be lifted and 
carried about without danger of collapse. The writer has made this 
experiment with success on a box equivalent to a 3-ft. cube and does not 
doubt that the principle would apply to boxes of an- indefinitely larger 
size as weU. When sufficiently tight, the box may.be filled -with water 
and carried about indefinitely, as long as there is not enough leakage to 
discharge soil with the water. 

In the case of the box of dry sand, it is apparent that all the condi- 
tions of the arch are fulfilled. The third condition, cohesion, in the arch 
members is usually lost sight of because arches are composed of members of 
solid material and internal cohesion is implied. In the ca^ of the sand 
arch, this cohesion is supplied by confining the material below and exter- 
nally, thereby causing the sand arch to supply its own centering. If 
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this experiment can be duplicated on a large scale, there is no reason to 
doubt that centering can be introduced above a tunnel and by supporting 
it, by means of long bolts keyed to washers on the surface, virtually re- 
lieve the tunnel of any load on its roof, except that below the centering 
PWSj as shown in Fig. 18. In practice it is impracticable to do this, but 
it is not necessary, for when the so-called centering’is properly maintained 
above the tunnel roof the soil arch above relieves the tunnel roof of 
nearly all or a large part of the rest of the load. 

The same principle applies if the tunnel is eliminated and a wall 
erected along the line OWT; the soil above the half centering will 
be carried by the arch between TW and RS. This may be shown more 
clearly in Fig. 19. In this it is assumed that the soil arches between the 
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planes 1-0 and 3^0 (the last being the assumed plane of repose) and 
that some line or plane, as 0-2, marks the division between that carried 
by the wall and that by the plane of repose. 

In Fig. 20, the solid wedge 1-0-3, which slides freely on a frictionless 
plane 0-3 but is held in place by a retaining wall 1-0, is the equivalent of 
a series of solid arches 4r-6, 7-8, 9-10, etc. Some plane, as 0^2, will 
divide the two areas, so that one will result in a thrust against the wall 
and the other as a weight on the plane 0-3. The writer has arbitrarily 
assumed that this line 0-2 will bisect the angle 1-0-3 ; that is, the angle 
90 ^ 

1-0-2, or /3, will be — ^ — The weight of the material accounted for will 

be £dl that in the area 1-0-2. The thrust will be the weight divided by 
the tangent and the lever arm will be the height of the center of gravity 
of the area 1-0-2 above the tangent, or % jET. 

With the exception of this last member (the lever arm), theformulafor 
a sliding aggregate will be the same as for the shding solid and need not 
therefore be further developed. 

In the case of the sliding aggregate, which corresponds to Glass B, 
or semicoheaye, the aggregates are assumed to slide along planes 3->-2, 
5-4, 7-6, etc. (parallel to the plane of repose), Eig. 21, until they have 
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developed sufficient depth and stability to arch along the assumed 
Unes 4-19, 6-2Q, etc., when some plane, as 0-7, will mark the division be- 
tween the thrust area against the wall and the area supported entirely 
by the plane of repose 0-18. The writer continues to assume that this 

QQO f 

area of thrust is measured by the angle jS, or — . The thrust of the 


soil being downward instead of out, as in Pig. 20, the center of pressure 
will probably be at* 6, where the line through the center of gravity at A 
parallel to the slope line meets the vertical. 

If H is the height 0-1, the horizontal distance (radial) of A from the 
H tan 

wall is — o — and the vertical distance of A above 6 (tangential) is 


H tan 
3 


X tan <j>. 


Therefore if R is the lever arm, 



H tan tan (^> 
3 




Pig. 22. 


If S represents the relation to the height H (noted in the sliding solid as 

H). 


or 


s=%- 


tan /3 tan 4> 


In the case of 4> = 45°, S = 0.53. 

Let W = weight of soil per cubic foot (volume). 

A / I X A rrj. a If* tan jS 

Area (volume) =A = H tan /3 X-g = 2 


Thrust = 


W 

tan <}> 


= Tand 


Then M = ATB = X 


W 


X SIT = S 


TTIfHan j5 


2 tan XN .A .. “ 2 tan 

If the ordinates of the pressure lines 3-2, 5-4, etc., are plotted the pres- 
sure curve 1-26-0 can be drawn to the left of the wall 1-0 in Kg. 21. 
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Fig. 22 probably represents more nearly conditions the engineer will 
normally meet, in which the angle of repose is steep, irregular and poorly 
defined, and in which the surface break will probably show at 2 rather 
3, more certainly if the groimd is hard and the trench weU braced. 

In the matter of pressures on tunnels, the writer assumes that all the 
soil in the area 5-4-6, Fig. 23, is carried by the tunnel roof 5-15-6, while 
aU the soil above the area 5-3-6 is carried by the normal arching of the 
soil. Some mean area between these two marks the dividing line that 
separates the soil stressing the tunnel roof from that which is supported 
by the normal arching of the soil. For safety, the writer assumes that 



the planes 5-3-6 
the tunnel roof. 


measure the area of the soil whose weight is carried by 

„ , 90° - <l> 

In this a is taken to equal 90 — /3 where jS = « — 


and the area 5-3-6 



X tan a X 



tan a. 


The pres- 


sure on the roof per linear foot is 

WL^ 

P = tan aW = tan a 

where P = pressure on roof, per linear foot; 

L = width of roof or span; 
and W = wdght of soilj)er cubic foot (volume). 


In practice the area below the line 12-4r-16 will more probably repre- 
sent the actual pressure, with all below 11-13-14 representing the safe 
maximum. In Ms practice the writer has always used the formula just 
given. 

When the depth 2-15 is less than the span L, the fuU vertical pressure 
of the soil should be assumed as coming on the tunnel roof. 

In these instances of pressures of semicohesive soils on trench and 
tunnel, it should be noted that the flatter, or smaller, the angle of repose 
the greater is the pressure on the trench or wall and the less is the pressure 
on a tunnel roof; while with a steeper or larger angle, the reverse condi- 
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tions prevail. In all cases, therefore, in which the angle of repose cannot 
be determined or even fairly estimated the engineer should use the maxi- 
mum (probable) in designing a tunnel and the minimum (probable) in a 
wall design. 

In those cases where the ground is supersaturated, i.e., Class D or 
semi-aqueous soils, it should be noted that the pressures, though com- 
bined, act in separate units. That is, the status of the soil is not affected 
by the pressure of the water. It should also be noted that this does not 
apply to what may be called aqueous soils, such as those containing a 
larger percentage of clay or other lubricating soil — such as pure quick- 
sand, plastic clay-— but it does apply to aU soils in which the granular 
element predominates — -such as sand, gravel — under normal conditions 
and not under velocity head due to flow of water, etc. The only effect 
of submergence on these soils is to change the cohesive factor and the 
possible angle of repose. 

It is not possible to have full pressure of water on the whole area of a 
structure and at the same time have full soil pressure on the same area. 
For instance, if we assume that soil presses on the roof of a structure and 
through imaginary columns, this pressure is extended vertically so the 
water cannot also exert pressure on this area. If those columns have not 
been affected by the water and extend suflSLciently high to exert their 
normal arching properties, we have in the case of a tunnel (with the 
same notation as before), if D = 1.16, or depth of water; d = 2.15, or, 
depth of soil (where d is greater than 5.6) ; PC == combined pressure, 
and V = weight per cubic foot (volume) of water 

WL2 

PC = ~~ tan a -f- SLDV 

Where S = percentage of effective voids in the soil; for safety it may be 
taken as 60 per cent, or 0.5. Where d is less than L, 

PC - dLW+ {DLV - dLV) = dLW + LV{D - d) 

When the engineer has reason to fear that full hydrostatic pressure 
may result and the weight PC as deduced is less than Pw (the full pressure 
of the water disregarding the soil) the structure should be designed to 
resist stress as indicated by PC = DLV. But at no time is the engineer 
justified in taking full soil or full water pressure combined. 

In the case of combined pressure against a wall. Fig. 21, if the curve 
of normally dry pressure is assumed to be 1-26-0, we may produce the 
curve 1-10-14 by assuming 1-17 as the line of full normal water pressure; 
1-16 will be that due to the reduction of area by reason of the voids, and 
1-15 wiU represent the correlated pressure due to the difference between 
the weight of soil (100 lb.) and water (62.6 lb.). Drawing 1-14 equiva- 
lent to 1-15 and extending the ordinates between 1-0 and 1-14, beyond 
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1-26-0, the curve 1-10-14 is drawn, representing the combined pressure. 
Thus we have 1-14 representing the pressure due to water, 1-26-0 the 
pressure due to soil, and 1-9-10-11-14 the combined pressure. 

The radius of gyration, or lever arm of the moment of this combined 
pressure, is a proportionate mean easily found between 0.53 fT, due to 
soil, and 0.33 H, due to water. 

The writer does not assume that he has solved, finally and conclusively, 
all or even any of the vexed problems noted; but he does hope that he 
has shown progress along the road leading thereto. 

Until experiments are made on a large scale, no final or definite solu- 
tion may be expected. Nothing can be gained by punching holes in 
sheeted trenches or cofferdams and measuring the pressure thereat. 
One might as well expect to measure the weight of sand in an hour glass 
by determining that at the orifice, for no matter how large or small the 
volume of the hour glass, on equal orifices the pressure is always the same. 

In conclusion the writer wishes to say that while pressures can be made 
cumulative by deepening a cut or enlarging (either vertically or horizon- 
tally) a timnel prism, they are not normally cumulative in ground. That 
is, tunnels of equal cross-section in normally dry soil will develop the 
same pressure at whatever depth they may be placed. Tunneling opera- 
tions would not be possible in normally dry soils except with closed full 
shields, nor could operations be carried on at the bottom of a deep cut 
if pressures were cumulative. Pits of small cross-section (4 or 6 ft. 
square) may be sunk indefinitely in normally dry soil without increasing 
the cross-section of the sheeting, due to the fact that the horizontal arching 
of the soil prevents the pressure from becoming cumulative, as it would 
do in a long cut. 

Fig. 24 shows the operation of jacking up sections 4 ft. by 10 ft. of 
the roof of the Battery tunnel (New York City) under Joralemon St. 
Upwards of 160 ft. of tunnel roof was jacked up 30 in., allowing a 16-in. 
ring of brick to be built and giving an additional clearance of 14 in. 
This could not have been possible had the theory of cumulative pressures 
prevailed. It may also be of interest to note that the bottom of the 
Battery tunnel was cut out for considerable distances and replaced by 
one at a lower gradient. When this work was done above the water line 
there was no evidence on the exposed bottom of pressure. 

Fig. 26 shows a sectional .shield emerging into a shaft. The sectional 
shield is designed to be used at any depth without change of cross-section, 
as long as water is not present under pressure. The theory of its design 
is that the pressure per square foot is proportionately less on small areas 
aggregating a total large area than it is on the same large area. 

This discussion is submitted in confirmation, or corroboration, of 
the author^s belief that there is great need of revision of the theories and 
formulas now in use. These theories and formulas are still taught in 
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the schools and, unfortunately, are used by many engineers, though the 
results by them are usually modified and- safeguarded by factors of safety. 

Harrison Soudbr,* Cornwall, Pa. — Many engineers have been study- 
ing the matter of slopes, in connection with large open-cut mining opera- 
tions and it has-been diflicult to decide what slopes rock would take 
and what slopes should be allowed in mining iron ore in such open cuts. 
A practical application of Mr. Moulton’s theory can be made in the 
design of ore pockets or bins. 

We have some sticky ore that packs in the bins and is very tenacious 
but the lump ore flows freely. The sticky ore assumes practically the 
same slope Mr. Moulton brings out in his paper. It seems to me that 
there is a possibility of making some saving in designing ore pockets; 
knowing that sticky ore is to be put into them, a slope of 70° would 
answer the purpose. 

B. P. Tillson, Franklin, N. J. — If a small drift or narrow stope is 
driven in an orebody that has a tendency to slough off in slabs, due to 
strain of former geological conditions, or due to the intensely granular 
nature of the ore and the w^ght above it, we will find a tendency for 
the roof to arch until it reaches a certain form in which it maintains a 
condition of equilibrium. Now, what is the relation of that excavation, 
for certain classes of material, to its distance below the surface in order 
that the arching effect and the voids that come with the change of 
material from a solid to a broken state will cause no disturbance of 
surface conditions? 

If we have a foot wall and a hanging wall and are caving beneath the 
surface, the solid being mined is covered with a so-called matting of 
timber, brush, etc. We start mining in slices beneath that matting with 
a burden of broken rock and fill placed there to provide a large volume 
of material to distribute the stresses and shock produced by the fall of 
any large masses from the hanging waU, or from the solid ground over a 
lens that does not outcrop; and we come back in certain steps. A 
certain number of sets are left wide for convenience in operation. As 
we mine and leave more sets of timber open, the stresses increase in 
the timbers, their failure becomes quite serious, and the danger of oper- 
ation increases. But if by shooting out the posts in those sets we 
>^ 1 •miniRb the extent of open chamber until, say,. two or three sets are 
left open to solid pillars, those stresses are such as permit the timber to 
support the matting regardless of the depth of the overburden. In the 
operation of the caving system, the production per man in any working 
place is more limited than in other systems of mining and the natural 
result is to gain from a certain size of orebody a maximum production by 


General Manager, Cornwall Ore Bank Co. 
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bringing back in any one pillar a number of these steps, thereby permit- 
ting a multiple unit of gangs that can work in any one pillar. 

The distance between retreating sublevels or slices is of high impor- 
tance. If one face approaches very close to the other, there is a greatly 
increased strain in the supporting timbers in the matting. Is that strain 
due simply to the increased length or span of the arch formed in the filling 
material and in the’ matting that helps to hold it in place? 

When we have sought to replace timber sets with steel sets, in 
shrinkage stoping, in which we are mining a pillar of material by back 
stoping (working on top of the broken ore and drawing off the excess 
with a solid back above and a pile of broken ore below) we have found 
that, as we go up a considerable distance, we do not get increased break- 
age of the timber because of the arching effect between the sides of that 
stope and this broken ore. But as we increase the span of that stope 
we get increased pressures. If we had more definite figures it would be 
easier to design steel framework to replace timber to withstand such 
stresses. We have been fortunate in designing steel sets that replaced 
timber sets and satisfactorily supported many thousands of tons of 
broken ore without getting into excessive steel weight. These steel sets 
support very heavy ore for indefinite hfts and brave been previously 
described.® 

C. E. Arnold, New York, N. Y. — Concerning the work of the Miami 
Copper Co. at Miami, Ariz., I should like to say that this company has 
made what seems to me to be an interesting application of the principles 
that Mr. Moulton formulates. My recollection is that in the earlier 
stages of its caving operations that company carried the shrinkage stopes 
almost to the top of the ore, assuming this to be necessary for obtaining 
the proper crushing action on the pillars between the stopes. When the 
pillars started to crush, it was noticed that they tipped sidewise toward 
the open pit resulting from the ore extraction. Later it was found that 
the stopes could be carried to approximately half their original height 
with equally good crushing action, the conclusion being that the natural 
lateral pressure developed was sufficient to cause the crushing. 

Mr. Moulton has sketched for us his conception of the relative values 
of the horizontal components of this lateral rock pressure, and it is notice- 
able that of these components the greatest are at approximately the 
elevation that corresponds to the center line of the ore zone which the 
Miami Copper Co. found unnecessary to stope. This appears to me to 
be good proof that Mr. Moulton's theory is sound, and that it offers broad 
possibilities in its commercial application. 

Waldo C. Briggs, Brooklyn, N. Y. (written discussion*). — ^Recently 
a trench at the street level was excavated for the purpose of laying a bank’ 

® Zinc Mining at Franklin, N. J. Trans. (1917) 67, 720. 

* Received Feb. 14, 1920. 
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of ducts to be used in connection with the operation of the tunnel. At 
four points along* the line of this trench, which was 10 ft. deep, an 
intersection with the line of '^decided break’' occurred. In the four in- 
tersections, the break was decidedly evident and extended vertically 
to the bottom of the trench. This would seem to confirm the opinion 
of the author of the paper in regard to the form of the curve of 
rupture. 

In the first sentence on page 348, the author says: The pressure on 
the timbers reaches a maximum at or slightly above a point halfway 
between the top and the bottom . . , This statement was con- 
firmed by observations made in one of the shafts built by the Degnon 
Contracting Co., referred to on page 330. This shaft was about 22 ft. by 
40 ft. in section and 100 ft. deep in a mixture of sand and clay and stood 
for over 2 yr. before the permanent lining was placed. During this time 
the timber lining deteriorated materially and heavy loads were developed; 
so that the cross-braqes cut deeply into the “soldiers” (vertical rangers 
placed against the horizontal sheeting). The indications of approaching 
failure were all above the midway point in depth and greatest at a point 
about 20 ft. in depth. 

H. G. Moulton. — The question as to the critical depth at which the 
surface would not be affected by a given size of tunnel is one that cannot 
be determined until much more data are collected and some of the 
underlying principles governing the failure of rock at great depth can be 
developed; but, generally speaking, as the widths of a stope increase, 
there comes a point at which the lines of arching action are broken and 
the collapse extends to the surface. Somewhere between the small 
tunnel, which, as Mr. Meem points out, is a simple case of rock arches, 
and the shrinkage stope that breaks through to the surface, there is a 
critical relation between width and depth, dependent also bn the strength 
of the rock. I hope that by the collection of all possible data, with the 
cooperation of the members of the Institute, it may be possible to 
determine some of these matters with a reasonable approach to 
accuracy. 

As to the design of timber or steel sets over a main haulage way in 
filled ground, the basis of assumption is to strike the probable lines of 
arching action through the broken rock and figure that the load on the 
sets is only that coming from the rock under the arches. If the posts are 
on solid rock, the arches in the broken rock may take all of the load except 
for the material that hes beneath the arch whose lines touch the corners 
of the set. If the set rests on filled ground, and if for this reason or be- 
cause of irregularities in the sides of the stope the arches are higher, it 
might be advisable to assume that the weight coming upon the caps is 
due to the material lying under the arch whose abutments are on a level 
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with the post footings, or even higher. In such a case it would be advis- 
able, after making an assumption as to the position and shape of the 
lowest arch hne which might be expected to relieve pressures, to draw 
lines upward from the position of the ends of the cap at a slope of to 1 
to intersect the arch line, and assume that the weight coming on the cap 
was that bounded by these lines and the arch line. Until more data are 
available, it would be necessary to make so many assumptions that the 
calculations would be of little value, but I believe that the principles 
along which we should work in developing a method of calculating pres- 
sures on sets in filled ground should be as outlined. 


voii. LXiii. — 24t. 
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Examination, of Ores and Metals in Polarized Light 

BT PEED. E. WBTGHT,* WASHINGTON, D. C. 

(New York Meeting, February’, 1920) 

In a recent paper^ a detailed discussion is given of the possibilities of 
using polarized light in the examination of opaque substances. The 
factors underlying the problem are there treated from the viewpoint of 
the electromagnetic theory of light and the presentation is necessarily 
mathematical in form. The practical methods resulting from the dis- 
cussion are, however, relatively simple and promise to be of value in 
the determination of certain ores and metals when studied in reflected 
light under the microscope. 

The results of the theoretical investigation referred to may be summa- 
rized by stating that in general the optical constants, such as refractive 
indices and absorption indices, cannot be satisfactorily ascertained on 
small, random, polished sections; that the use of polarized light enables 
the observer ordinarily to determine whether the crystal plate is iso- 
tropic or anisotropic, and also to ascertain the degree of anisotropism; 
that for this purpose methods based either on the contrast in intensity be- 
tween the two reflected components of non-polarized light, or on the 
amount of rotation of the plane of polarization, on reflection, of vertically 
incident, plane-polarized Ught, may be employed; that methods based on 
the phase difference between the two reflected components are in general 
of little value because of the small differences in phase which ordinarily 
result for a relatively large change in birefringence or biabsorption. 

The measurement of the optical properties of transparent minerals, 
even in minute irregular grains, is a simple task withmodem petrographic 
microscope methods and is accomplished by petrologists as part of their 
ordinary routine work. But the determination of the optical constants 
of opaque substances is diflicult and is rarely attempted; all observations 
are necessarily made in reflected light and are restricted commonly to the 
determination of color, of hardness, of the character of crystallization, and 
of the behavior of the mineral or metal plate toward reagents and abra- 
sives. With practice, the observer becomes expert in recog ni z ing details 
of this kind and determines with a high degree of certainty the different 


• Petrologist, Geophysical Laboratory. 

‘ F. E. Wright: Polarized light in the Study of Ores and Metals. Proc. Am. Phil. 
Soe. (1919) 401. 
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substances in the plate before him. There are cases, however, where 
additional criteria would be welcome, and for these the user of the petro- 
graphic microscope naturally turns to the phenomena of polarized 
light; if methods were available by means of which the optical constants 
of opaque substances in fine particles could be readily ascertained, these 
methods would be of great value not only to students of ores and opaque 
minerals, but also to metallographers in the study of metal alloys. 

In the present paper a brief description is given of the several methods, 
new and old, available for the determination of the degree of anisotropism 
of a plate of an opaque substance when examined in normally reflected 
light. The plate may be illuminated either by natural (non-polarized) 
incident light or by plane-polarized, incident light. In the first case, 
anisotropism is recognized by a difference in the intensity of the reflected 
components of the light; in the second, by a rotation of the plane of 
polarization of incident, plane-polarized light waves after reflection. 

Methods Based on Intensity Contrast 

The source of illumination for all methods included in this group 
is natural (non-polarized) light ; the hght may be white, colored, or mono- 
chromatic. Non-polarized light on reflection from a birefracting, biab- 
sorbing plate suffers changes that may be detected with proper apparatus. 
The reflected light is, in general, eUiptically polarized; a phase differ- 
ence exists between the reflected components of the Hght; the ampHtudes 
of the vibration, and hence the intensities of the two reflected components, 
are different. The phase difference between the components is ordinarily 
not sufficiently large to be readily measured and is, therefore, of Httle 
value as a diagnostic feature. In case the reflected Hght waves are plane- 
polarized, one of the components is more intense than the second and 
the excess of intensity in one direction gives rise to a certain amount of 
polarized Hght in the reflected Hght waves; this polarized Hght can be 
detected by methods similar to those that have long been in use for the 
detection and measurement of polarized Hght in the sky. 

Koenigsberger^s Method 

In a series of articles^ Koenigsberger, adopting the arrangement of the 
Wild photometer, suggested the use of a Savart plate in conjunction with 
an analyzing nicol and a telescope for the detection of polarized Hght in 
Hght reflected from a crystal surface, the incident Hght to be non- 
polarized and to impinge vertically on the plate. The arrangement 


^ CentTcdblatt fUr Min&rdog/U^ Geohgie u, Pddontologie ( 1901 ) 195 - 197 ; ( 1908 ) 
565 - 569 . 597 - 605 : ( 1909 ) 245 - 250 ; ( 1910 ) 712 - 713 . 
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proposed by Koenigsberger is illustrated in Pig. 1. The non-polarized 
light (monochromatic or white) enters the system along B, passes through 
a contrast plate Q, consisting of a biplate of smoky quartz cut parallel to 

the axis and mounted so that the principal 
axis of the one plate is normal to that of 
the second, a lens L, for imaging the con- 
trast plate in the image plane H of the 
telescope T. The light passes through L 
to a small reflecting prism iS, thence through 
the objective 0 to the crystal plate C where 
it is reflected back through 0 past R, through 
a plane-parallel, rotatable glass plate P of 
known refractive index (n = 1.515), through 
the Savart plate S and the nicol N into the 
telescope T, 

The Savart plate consists of two plane- 
parallel plates of calcite or quartz cut at 
an angle with the optic axis sufficiently 
large (45°) that, when examined in con- 
vergent polarized light, the isochromatic 
curves of the interference figure cross the 
field as practically straight lines. The two 
plates are of equal thickness and are sup- 
erimposed so that the horizontal projection 
of the axis in the one is at right angles to 
that of the axis in the second. . If the com- 
bination is observed between crossed nicols 
when its axes include an angle of 45° with the 
principal nicol planes, a series of parallel, 
vertical, dark, interference bands appears in 
the field, if monochromatic light is used. If 
a white light source is used, the bands are 
colored, except one central band. These 
bands are similar in appearance to the bands 
in a quartz wedge or a Babinet compensator; but their mode of forma- 
tion is different because they depend on very slightly convergent polar- 
ized light for their formation while in the quartz wedge the birefringence 
introduces the required path difference. T’rom the mode of forma- 
tion, it is evident that if non-polarized light is used no such bands will 
appear, but that with a small percentage of polarized light present there 
is superimposed on the white field a series of colored bands the inten- 
sity of which increases with the amount of polarized light present. Under 
the best conditions of setting, the maximum intensity is obtained at the 
center of the light bands, namely one-ha}f of the total non-polarized light 
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Fig. 1. — Apparatus used by 
Koenigsberger for measure- 
ment of DEGREE OF ANISOTROP- 
ISM IN OPAQUE CRYSTAL SECTIONS. 

Plate is illuminated by ver- 
tically INCIDENT, NON-POLAR- 
IZED LIGHT. 
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and one-half of the total polarized light; whereas at the center of the dark 
central band only the non-polarized portion is transmitted. At inter- 
mediate points the non-polarized light and a part of the polarized com- 
ponent are transmitted. The field, therefore, alternates in intensity ; the 
least amount of polarized light that can be detected depends obviously on 
the least perceptible increment in intensity that the eye is able to detect. 
The data of Koenig and Brodhun place this difference-limen at 1.6 to 
2 per cent, for favorable intensities of illumination. Pickering and others® 
estimate that in sky polarization about 1 per cent, of polarized light can 
be detected. Koenigsberger asserts that 0.3 per cent, difference can be 
detected, but experiments by the writer using a rotatable, plane-parallel 
plate and different sources and intensities of illumination indicate that 
the figures of Koenig and Brodhun are more nearly correct and that 
Koenigsberger’s statement of the precision attainable is about five times 
too great. The difference between different settings, especially for large 
intensity differences, is of course considerably less than the least percep- 
tible increment, but this difference may not be considered to be the least 
perceptible increment itself. 

In order to render more readily visible the Savart bands and the point 
of exact compensation, Koenigsberger employs a contrast biplate of smoky 
quartz, which introduces a difference in intensity between the components 
(result of pleochroitic absorption) and thus produces a shift of the lines 
in the halves of the field; these lines are then further shifted by the changes 
in intensity resulting on reflection from an anisotropic crystal plate. 

In the practical application of this method, it is essential that the 
plate to be examined be well polished and normal to the axis of the micro- 
scope; that the reflecting prism be not too large; that the rotating glass 
plate P be mounted with its axis at 45° with the upper nicol plane; that 
the Savart plate be accurately constructed and be normal to the micro- 
scope axis; that the telescope be accurately focused on infinity (in order 
that convergent light of only very small angular aperture pass through the 
Savart plate). To measure the degree of anisotropism, the glass plate 
P is rotated until the effect of the crystal plate is exactly compensated 
and the Savart bands disappear or are separated by exactly half a band 
if the contrast arrangement is used. 

The tilted plate employed by Koenigsberger introduces differences of 
intensity normal and parallel with the plane of symmetry. If i is the 
angle of incidence of the light waves efitering the tilted plate, and r is 
the angle of refraction, the ratio of intensities of the two components 
parallel and normal to the plane of symmetry is equal to cos^ (i r). 
For any given angle of tilting of the glass plate the intensity ratio can 
be ascertained from this expression. 


* Report of TJ. S. Naval Observatory on Total Eclipse of July 29, 1878. 
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Photometrically, the gradation in intensity between the different 
Savart bands is less advantageous than the juxtaposition of two or more 
evenly illuminated fields — the one at noinimum intensity, the next at 
maximum intensity. This principle is used in measurements of sky 
polarization and can be readily applied to the present problem. 

New Method 

This method uses a cleavage plate of calcite of such 
thickness and an aperture of such width that the fields 
from the two rays just touch (Pig. 2) as in the well- 
known Haidinger lens used by mineralogists for ob- 
serving pleochroism in minerals. The calcite rhomb 
should be protected on each end by a cover slip 
cemented to it. 

In Fig. 2 the non-polarized, incident light is re- 
flected by the prism R through the objective 0 to the 
opaque plate C, whence it is reflected back through the 
objective 0 and the aperture A of the calcite cleavage 
piece P. In this plate, two images of the aperture A 
are formed as a result of the double refraction of 
calcite; these are then observed through a nicol prism 
and low-power lens or through a low-power micro- 
scope consisting of a weak objective lens L located 
below the nicol prism N and a low-power eyepiece. 
TOT ^ ^ imaged by the objective on the aperture 

CITE RHOMB POE A, wHch may then be viewed directly by a low-power 
®y® 1®“S re-imaged by the lens L into the image 
TROPisH OF OPAQUE plane of an eyepiece (not shown in Kg. 2). Because 
PuATB^is lOT^N- ^^® cslcite plate, high magnifications should not be 
ATBDBTTBBTicALLT used in the eyepiece ss^stem. With this arrangement, 
*^® Piate is imaged in the field of view and the phe- 
nomena are observed that it alone produces. A still 
better field can be obtained by adopting an arrangement* in which 
two biprisms serve to produce a satisfactory Junction line between the 
two fields. For the same purpose, a Koenig-Martens photometer may 
be employed to advantage, and was, in fact, used by the writer for most 
of the tests. 

Equipped with any one of the foregoing devices, the observer illumi- 
nates the specimen to be examined and studies the character of the light 
that is reflected. On rotatiiig an isotropic plate, no differences in inten- 
sity between the two halves of the field are observed; a birefracting and 



*For a discu^on of th^e types of photometers see F. E. Wri^t; Jrd. Optical 
Society of America (1920). 
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biabsorbing plate, on the other hand, polarizes to a certain extent the 
light on reflection, and this gives rise to a difference in intensity of the 
reflected components. 

To ascertain the amount of polarized light present in the reflected 
light: (1) Set the analyzer so that its plane includes an angle of 45° with 
the principal plane of the calcite rhomb or the woUaston cube of the 
photometer. In this position the two fields are equally intense when the 
photometer is pointed at a source of non-polarized light. The photo- 
meter is now mounted on the microscope and the illuminated opaque 
plate rotated until the two fields in the photometer are equal in in- 
tensity. (2) Turn the stage 45° from this position and observe maximal 
contrast of photometer fields. In this position the plane of vibration of 
the polarized light includes an angle of 45° with the principal plane of 
the analyzer; the polarized light enters only one field of the photometer 
and contributes its share to the intensity of this field. The intensity of 

the second haff of the field is due solely to the non-polarized light or 

that of the first half both to the non-polarized light and to the polarized 

light 01 -^ + Ip, (3) The analyzer is now turned to a position a at 

which the two fields appear equally illuminated. For this position the 
equation 

^ : (^” + Jp) = tan*a 
is vaKd; from this we deduce readily 

y I r = cos 2 a 

This expression enables the observer to ascertain directly the amount of 
polarized light present. 

In case the arrangement of the photometer is such that, when it is 
pointed at a source of non-polarized light, equal field intensities are ob- 
served when the principal plane of the analyzer includes an angle oci 
different from 45°, the ratio of the intensity of the polarized light to the 
total light (polarized and non-polarized) is 

Ip tan^ai — tan^g _ si n (ai -H a) sin (ai — a) 

In + Ip tan^ ai(l + tan^ a) sin^ ai 

The above procedure enables the observer to ascertain not only the 
positions of the polarization axes of the opaque plate but also to measure 
the degree of its departure from isotropism (degree of biabsorption and 
birefringence). 

These new methods, based on intensity contrast, allow the observer 
to view the image of the plate directly, while in the Koenigsberger method 
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the Savart bands are not readily distinguished unless the plate is brought 
out of sharp focus and even then the irregularities of the image tend to 
render indistinct and uncertain the faint Savart bands. 




Methods Based on Detection of Rotation op 
Plane of Polarization 

These methods have beenlonginuseby petrologists 
and the principles underlying the construction of the 
different devices need not be repeated here.® Suffice 
it to state that normally incident, plane-polarized 
light impinging on the plate with its plane of polariza- 
tion at 45'* to the optical ellipsoidal axes of the 
section suffers on reflection a rotation of the plane 
of polariza-tion, the angular amount of which depends 
on the degree of the birefringence and the biabsorption. 


Koenigsberger’s Method^ 

In this method, Koenigsberger adopted the ar- 
rangement shown in Fig. 3. The incident light passes 
first through the polarizing prism P (vibration plane 
horizontal or vertical), the total reflecting prism R, 
and the objective .0, to the opaque crystal plate C, 
A whence it travels, after reflection, through the ob- 

V jective O, the field lens of the eyepiece, the Biot 

sensitive tint plate B (of quartz cut normal to the 
optic aria and of such thickness, 3.75 mm., that it 
shows the sensitive tint between crossed nicols) the 
eye lens, and the analyzerri, to the eye of the observer. 
The rotation of the plane of polarization on reflection 
is detected by the change in interference color on 
rotating the crystal plate. Koenigsberger emphasizes 
the fact that this method is not so sensitive as his 
first method and is only qualitative in nature. 

Hanemann’s Method 

■ In 1913, Hanemann’' improved Koenigsberger’s 
method by substituting a Soleil-Biot plate (two ad- 
jacent Biot quartz plates 3.75 mm. thick cut normal to the axis, the one 
of right-hjanded, the second of left-handed quartz) for the single Biot 



Fig. 3. — Appaka- 
TT7S BMPLOTING Bl-f 
Q UABTZ-WEDGE- 
PI/ATB B, POB MEAS- 
XTBBMBNT OP BE- 
GBEB OP ANISOTROP- 
ISM IN OPAQUE 
CRYSTAL PLATES. 

Plate is illumin- 
ated BY VERTICALLY 
INCIBENT, PLANE 
POLARIZED LIGHT. 


®T}iese are treated at length by F. E. Wright in the Methods of Petrographic 
Microscopic Research, Cariiegie Institution of Washington 158 (1911) 

115-148. 

* C&TitTc^lait ikTiwer. GeoLf Pcd&ontol. (1909) 245— 250 j ( 1910) 712—713; Metallurffie 
(1909} 4, 605^098, 

^ K. Endeil and H. Hanemann: und Eism (IQIZ) 4i0i an&rg, Chem. 

(1913) 83, 267-274; (1914) 88, 265-268. , 
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plate. This arrangement introduces the feature of color contrast in 
adjacent fields- and is accordingly more sensitive than the Koenigsberger 
method. The Bertrand eyepiece which is in common use by petrologists 
would serve the purpose as well as, and possibly better than, the Soleil- 
Biot plate. 

• New Method 

The methods of Koenigsberger and of Hanemann are based on changes 
in color (sensitive tint) on rotation of an anisotropic plate. In the case 
of strongly colored substances, especially yellow minerals, the natural 
color dominates the field so effectively that the sensitive tint is no longer 
present as such and the slight changes in hue on rotation of the stage are 
only with difficulty detected .and may be overlooked. The sensitiveness 
of these methods varies, therefore, with the color of the substance under 
examination. It is also difficult to obtain a uniformly colored field under 
average conditions of illumination, especially near the junction lines in 
the field. 

In measurements of this nature in which the conditions of observation 
vary within wide limits while the sensitiveness of the eye (threshold 
vision) is more or less fixed, it is essential that the sensitiveness of the 
device employed for the measurement be variable so that the most sen- 
sitive conditions of observation can be obtained. It is on this prin- 
ciple of variable sensibihty that the writer’s bi-quartz-wedge-plate* was 
constructed. 

On substituting the bi-quartz-wedge-plate for the Biot plate of Koenigs- 
berger or the Biot-Soleil plate of. Hanemann, the most sensitive arrange- 
ment for the detection of anisotropism in opaque substances is obtained. 
The method is exceedingly simple and requires no apparatus in addition 
to that furnished with a research-model, petrographic microscope. The 
observations are made either in white or in monochromatic light. The 
degree of anisotropism is indicated by the amount of angular rotation of 
the analyzer required to produce equal intensity of illumination in the 
adjacent halves of the bi-quartz-wedge-plate. 

Other devices, such as the Lippich half-shade prism, may be substi- 
tuted for any one of the rotating quartz plates and wedges; but such de- 
vices are not recommended for practical work because the apparatus is 
more complicated and the attainable accuracy is not increased. 

Effect oj Reflecting Prism or Plate on Character of Light 

An extended series of experiments with different kinds of reflectors, 
including total reflecting prisms, silvered surfaces, silver glass mirrors 
with central aperture or a small disk mirror in center of field, or an Abbe 
reflecting cube, was carried out to ascertain, if possible, which type is the 

^ Amer, JnL. Sci. (1908) [4] 26, 377-378; Cam^ie Institution of Washington, 
PublicaMon 168 (1911) 140-142. 
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best for such work, especially for use with the second group of methods. 
The general equations state that in case the azimuth of the plane of 
polarization of the incident wave is zero or 90°, the reflected beam is 
still plane-polarized; practical experience with such reflectors shows, 
however, that the reflected beam always reveals traces of elliptical polari- 
zation even when the plane of polarization is horizontal or vertical. 
This is no doubt due, in the case of reflecting glass surfaces, to internal 
reflections; with a blank metal reflecting surface, such as the fresh silver 
side of a silvered mirror, it may result from strains in the outer film. Be 
the cause what it may, in no experiment was the elliptic polarization 
entirely removed and the accuracy of the settings was correspondingly 
diminished. Experience with the different types of reflectors did not 
demonstrate marked superiority of any one particular type. It is, of 
course, essential that the plane of polarization of the incident beam be 
strictly horizontal or vertical in order to reduce the amount of elliptic 
polarization present to a minimum. 

Effect of Thin Surface Films on Character of Reflected Light 

Drude® was the first to emphasize the importance of thin surface films 
in effecting the polarization relations of reflected and of transmitted light 
waves. In the case of opaque substances (ores and metals), the surface 
film effects may be serious and cause an isotropic mineral to show phe- 
nomena of anisotropism. Thus a sheet of copper or other isotropic metal 
shows distinct anisotropic effects. The rolled surface of the metal is 
striated and part of the polarization effects may be of the nature of grating 
polarization phenomena, or may result from reflection at oblique surfaces. 
Many ground surfaces of isotropic pyrite are decidedly anisotropic. 
In certain cases this is probably due, as Koenigsberger suggested,^® to 
grinding striae; but in other pyrite sections the anisotropism persists in 
spite of care taken to eliminate grinding striae. This may be the result of 
surface film effects or of strain birefringence in the pyrite. Its presence 
in random sections, even carefully ground, serves as a danger signal, 
warning against the drawing of too positive conclusions from a single 
section. As a general rule, pyrite sections are isotropic and the conclu- 
sion is warranted that it is isometric, as crystallographic measurements 
prove it to be. The statement of Koenigsberger that surface films affect 
only the phase difference and not the amplitudes of the reflected beams is 
borne out neither by theory nor by practical experience. In general, 
it may be stated that surface film effects are not so pronounced as to affect 
seriously the validity of the determination. 

* Ann. Phys. (1891) 43, 146; Lehrhuch Optik (1906) 272-280; Winkelmanix^s 
Uandhuch Phys.j 6. 

CentralblM Miner,, Geol,, Pcddontol, (1908) 697. 
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Study of Opaque Sections by Foregoing Methods 

For the successful examination of opaque sections by the methods 
of this class, it is essential that the principal plane of the polarizer be 
exactly horizontal or vertical; that the reflecting surface of the opaque 
crystal be carefully prepared, free from scratches and grinding grooves; 
that the principal plane of the analyzer be at right angles to that pf the 
polarizer — this is best tested by using a glass or other test plate of iso- 
tropic substance and observing uniform field intensities or colors in the 
bi-quartz-wedge-plate or the Bertrand eyepiece. The opaque mineral 
plate is now placed on the stage of the microscope and illuminated. As 
the stage is rotated, the changes are observed in the color or relative 
intensities of the quadrants of the Bertrand eyepiece or the halves of the 
bi-quartz-wedge-plate, respectively. At four positions during a rotation 
of 360°, the field is of uniform color or intensity. In this position, one of 
the optical ellipsoidal axes of the plate coincides with the principal plane 
of the polarizer. From this position, the plate is now rotated 45°. 
With the bi-quartz-wedge-plate, the maximum contrast is here obtained. 
The analyzer is now rotated through a small angle to restore equality of 
intensity or color over the entire field. The angle of rotation is a measure 
of the departure of the plate from isotropism. 

This method depends for its success on the ability of the eye to deter- 
mine the exact position of total extinction. With a strong source of 
light and a bi-quartz-wedge-plate, it is not diflBlcult to determine the posi- 
tion of extinction within a few minutes of arc, thus rendering this method 
considerably more sensitive than any other method at present available 

SUMIVIABY 

To the user of the petrographic microscope, the meager amount of 
information that can be gathered from the use of polarized light in the 
study of opaque mineral or metal sections is disappointing, but even the 
results obtainable are important diagnostic features and should not be 
disregarded. In special cases where crystallographic symmetry rela- 
tions of the plate under examination prescribe the positions of the 
principal axes of refringence and of absorption, as in isotropic, uniaxial, 
and the principal planes of orthorhombic crystals, the reflected waves 
are plane-polarized and not elliptically polarized, as in the general case. 
As a result, normally incident, plane-polarized, light waves whose vibra- 
tion directions are either parallel or normal to the plane of symmetry are 
reflected as plane-polarized waves; but the intensities of the two reflected 
waves are different because of the difference in the refractive and absorp- 
tion indices parallel and normal to the plane of symmetry. 

Normally incident, non-polarized light contains after reflection a 
certain amount of plane-polarized light and this amount increases with 
the strength of the birefringence and of the biabsorption in the crystal 
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plate. The presence of plane-polarized light in natural light can be 
detected by any one of the well-known physical methods, such as are 
commonly used in determinations of sky polarization. Of these methods 
Koenigsberger adopted the Savart plate with rotating glass compensator; 
a second method is suggested, which employs either a single calcite 
cleavage plate with proper aperture (after the manner of the Haidinger 
lens or the Pickering photometer) or a small portable Koenig-Martens 
photometer. This method is superior to the first in being simpler in 
adjustment and in manipulating. It is based on a photometrically 
better principle, namely, contrast of two or a series of illuminated fields, 
the first at minimum intensity, the adjacent field at maximum intensity 
with a sharp line of demarcation, which disappears when the intensity 
of illumination in the adjacent fields is the same. 

The attainable accuracy depends on the least perceptible difference 
in intensity of illumination that the eye can detect; this is about 1.5 to 2 
per cent, under ordinary conditions of illumination. An opaque crystal 
therefore of such weak birefringence or weak biabsorption that the differ- 
ence in intensity between the reflected components is less than 1.5 per 
cent, appears isotropic. In transmitted light, differences in birefringence 
of only 0.02 per cent, of the refractive index are readily detectible. 
The methods based on differences in intensity of the reflected components 
of vertically incident light are therefore fifty or more times less sensitive 
in the detection of anisotropism than the methods based on the phe- 
nomena of plane-polarized, transmitted, light waves 1 

In case the vertically incident light is plane-polarized the difference in 
amplitude between the reflected components normal and parallel to the 
plane of symmetry causes a rotation of the plane of polarization; this can 
be detected and measured by any one of a number of devices in common 
use by petrologists. Koenigsberger used a Biot sensitive-tint quartz 
plate in a qualitative w^y to detect anisotropism. Hanemann improved 
Koenigsberger^s method by employing the Biot-Soleil sensitive-tint, 
quartz bi-plate and obtained thereby a color contrast in two adjacent 
fields. The orcfinary Bertrand eyepiece used by petrologists is suggested 
as a still further and equally simple method for detecting anisotropism. 

■ A still more sensitive and better method is, however, to use the writer’s 
bi-quartz-wedge-plate, in which the sensibility is variable and can be* 
adjusted to meet the conditions of illumination and thus to produce the 
most favorable conditions for extreme sensitiveness and consequent ac- 
curacy of results of measurement. This method is simple and is the most 
sensitive at present available for detecting and measuring anisotropism 
in opaque substances. The degree of anisotropism is indicated by the 
amount of angular rotation, on reflection, of the plane of polarization of 
vertically incident light waves. The accuracy of these methods depends 
on the threshold limit of vision (least intensity of light that the eye can 
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detect) ; this is different from the least perceptible difference in intensity 
of illumination of two adjacent fields (contrast sensibility of the eye) 
on which the sensitiveness of the first group of methods depends. 

The sensitiveness of the second group of methods can bedncreased by 
increasing the intensity of the light source and also by introducing some 
contrast device, such as the bi-quartz-wedge-plate, or the Lippich biprism. 
In general it may be stated that, for practical purposes, the methods of 
the second group are simpler in manipulation and more sensitive than 
those of the first and therefore better. A disturbingfactoristheintroduc- 
tion of a small amount of elliptieally polarized light by the reflecting 
prism or plate. The phase differences between the two components of 
the reflected waves are, in general, small and do not seriously affect meas- 
urements by the methods outlined above which are based on the ampli- 
tude differences between the two components. The phase differences 
can be measured, by one of several devices of which the Babinet compen- 
sator is the best and most widely used; but for the detection and measure- 
ment of anisotropism, methods based on phase differences between the 
components after reflection of vertically incident, plane-polarized light, 
are not, in most eases, of practical value. 

The use of immersion liquids and a monochromatic light source for 
obtaining the greatest differences in intensity between the reflected com- 
ponents and thus to increase the sensitiveness of the methods for detect- 
ing anisotropism is possible; but the gains derived therefrom do not 
appear to warrant the bother which their use incurs. 

The theoretical investigation has demonstrated that it is, in general, 
not possible to measure both the refractive indices and the absorption 
indices of an opaque body by means of the phenomena resulting on the 
reflection of vertically incident light waves; but it is possible in special 
eases to determine the degree of anisotropism and also the positions of 
the polarization directions in a given crystal plate. These data taken 
in conjunction with crystallographic data enable the observer, just as do 
birefringence and extinction angles in transparent crystals, to draw con- 
clusions regarding the crystal system of the substance under investiga- 
tion. But in opaque substances, the precision attainable is relatively 
low and the phenomena which can be observed are few and re- 
stricted in scope. As a result one cannot expect from the application 
of polarized light to such substances the harvest of optical data which 
has been gathered from transparent crystals. For opaque bodies the 
possibilities are few, the limitations are great, and recourse must be had 
in practical diagnosis to other methods of determination, such as behavior 
of the substance toward abraaves and solvents, color, density, hardness', 
etc., in addition to the determination of the degree of anisotropism. 
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Geology and Mining Methods at Pilares Mine* 

BY 'W. EOGBBS WADEf AND ALFRED ■WANDTKEjt PILARES DB NACOZARI, SONORA, MEX. 

(Chicago Meeting, September, 1919) 

The Pilares roine of the Moctezuma Copper Co. is situated at Los 
Pilares de Nacozari, Sonora, Mexico, about 75 mi. (120.7 km.) south of 
the international boundary and about 7 mi. (11.26 km.) east of the town 
of Nacozari de Garcia. It is situated at an elevation of 5000 ft. (1524 m.) 
in one of the northward trending ridges that form part of the moun- 
tain mass that culminates in the Sierra Madre de Mexico. To the east, 
south, and west, the topography is rugged and diversified; to the north 
less diversity exists, ranges of mountains rise sharply out of almost 
level groimd and give the basin range structure characteristic of the 
Southwest. 

The climate is dry, the average rainfall of 15 in. (38 cm.) being con- 
fined almost entirely to the months of June, July, and August. The 
winter consists of a few days of disagreeable weather when a httle snow 
may fall; the remainder of the year is thoroughly delightful.^ Vegeta- 
tion is typical of a semi-arid region. In the canons near the mine, where 
water flows intermittently, willows thrive; on the northern slopes of 
some of the mountains and in some of the broader cafions pines may even 
become abimdant. 

The dominant rocks are flows and pyroclastics which are cut by dykes, 
stocks, and batholiths. The mountain just west of Nacozari is, in part, 
composed of limestone of an unknown age which occurs as a syncline 
and is undoubtedly a part of a prevolcanic land surface. Overlying the 
limestone and faulted against it, are the volcanics; cutting the limestone 
is a coarse biotite granite. Whether the granite is older or younger than 
the volcanics has not been definitely established. 

No attempt has been made to differentiate the rock types of the vol- 
canics, of which there are exposed 3000 ft. (914 m.) in thickness of 
basic and acid flows (andesites, latites, and rhyolites) and andesite and 
latite tuffs and breccias. The latite breccias, the youngest of these vol- 
canics, cover the highest moxmtains in the immediate vicinity. The 

* In tlie preparation of this paper access has been had to. the report made by 
John M. Boutwell, in 1911, on the geology and ore occurrence at Pilares. So little 
that is really new concerning the ore and its occurrence has been discovered since 
then that the paper must be considered an abstract of Mr. Boutwell's report. 

t Mine Superintendent, Moctezuma Copper Co. 

t Geologist, Moctezuma Copper Co. 
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age of the volcardcs has not been definitely determined; Bontwell placed 
their age as post-Carboniferous and probably late Cretaceous. South of 
the international boundary, the volcanics appear to rest on upturned 
Cretaceous rocks, hence the volcanics at Pfiares, which are to be cor- 



related with those south of the international boundary, may be post- 
Cretaceous and perhaps of early Tertiary age. 

The period of volcanic activity was apparently foUow^ by crustal 
warping which, however, folded the rocks but slightly. This period of 
folding was succeeded by a period of igneous intrusion, during wluch 
time diorites, moiEsonites, quartz-monzonites, granites (?), ani Msaltie 
dikes were developed. FoHotra^' tfie p^od of igneous intrusions 
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a time of renewed crustal warping, which was accompanied by faulting. 
Erosion followed, leaving many mountains as monadnocks and filling 
some of the valleys with gravels. 

As viewed 15 mi. (24.14 km.) north of Nacozari, and from Nacozari 
Mountain, there seem to be indicated at least three cycles of erosion; 
One prior to the deposition of volcanics; a second following the gentle 
doming of the volcanics, for an erosion surface cuts across the volcanics, 
leaving mountain ranges as monadnocks; and a third, the present canon 
cutting cycle, that to the south has carved wide and steep walled val- 
leys, but in the vicinity of Pilares and Nacozari is represented by V- 
shaped gorges. 

Geology at Pilares^ 

At the Pilares mine, the chief rocks are latite and andesite tuffs and 
breccias. These formations are cut by intrusions of monzonite, 
diorite, quartz-porphyry, and a bifurcating diabase dike, locally known 
as “caliche;” Figs. 2 and 3 show the relationship of th^e rocks. The 
sections permit of the following generalizations: A period of volcanic 
activity was followed by a period of gentle crustal movement that fiexed 
the volcanics and produced several easterly and northwesterly faults. 
The tilted beds were then cut by the monzonite and diorite intrusions, 
the diorite being apparently a chiE phase of the monzonite. Further 
faulting and shearing developed the elliptic plan of the orehody and 
ushered in the period of mineralization that resulted in the localization 
of orebodies wherever the invaded rock was favorable. These favor- 
able localities, were undoubtedly largely determined by faulting and 
fracturing, which produced open spaces and gave ingress to mineral- 
bearing solutions. The result is that orebodies occur wherever the 
pre-ore shattering prepared the groimd and where the conditions of 
temperature, pressure, and concentration were favorable to ore deposi- 
tions. The deposition of the ore was followed by a period of fracturing 
and dike intrusion, the “caliche” dike being a representative of this 
period. After the dike came renewed faulting with movement along all 
of the shear zones, but particularly manifesting itself along the Esper- 
n.n9!fl. and Luna shear zones, where horizontal and vertical displacements 
of about 100 ft. (30.48 m.) are recorded. 

As a result, there has been produced a body of mineralized ground 
cylindroid in shape, the outline being determined by fault planes. The 
walls of the orebody in the upper workings are determined by fault planes 
in the latite and andesite breccias; below the 400-ft. level (121.9 m.) the 
wall rock is monzonite. In depth, this rock always forms the outer wall 

1 The deposit has been briefly described by S. F. Emmons [Econ. Geol. (1906) 1, 
629-6431, by W. lindgren [“Mineral Deposits” (1913) 496], and by W. H. lemons 
[Enrichment of Ore Depoats, BvU, 625, U, S, Geol. Survey (1917) 225—226]. 
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of the oval. Within the core of the oval are numerous tongues of diorite, 
which are, no doubt, chill phases of the monzonite. The periphery of the 
oval almost invariably bears ore; within the oval are lenses of ore irregu- 
larly scattered. 



Structure . — In the vicinity of the mine, the volcanic rocks appear to 
form part of an unsymzhetrical syncline, inclined to the east, which strikes 
northwest and pitchy southeast. . Two main sets of faults are respdnsi^ 
ble for ihe shape of the oFebc^Jy/nterk the ^hes of shattering 
mitted ' the 'ehtrah^ <4 mSl&le 'Ibfe 

directidh^df nidvefe^t 'that^fdlldwid'^^fe‘'^peribd'6f iMti%liSh;''rThe 
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first, or easterly set of faults, has an approximate N 70° E trend; the 
second, or northwesterly set, has an approximate N 40° W trend. Varia- 
tions of 10° to 20° from these directions occur. The easterly set of 
faults, with the exception of the Esperanza fault zone and a few 
minor slips, dip steeply to the south; the northwesterly faults dip, as a 
rule, steeply to the southwest. 

Tangential movement, causing a fracturing of the corners of the paral- 
lelogram formed by the intersection of the two sets of faults, would ac- 
count for the oval outline of the mine. The corners of the oval, other 
things being equal, containing the greatest number of fractures, would 



Fig. 3. — Veetical section theough mine oval eeom Espebanza to Pilaees 

SHAFTS. 


also become the most favorable places for ore deposition. Post-ore 
movement appears to have been along two directions: the earlier, which 
the diabase followed, was northwest; the later, which cuts the dike and 
offsets the orebodies,. was easterly. The combination of a soft dike and 
pronounced fault/zones has produced a real difiSculty in the method of 
mining, 

Ore-ieeunrig Rocks.— The only volcanic rocks that have been cut 
by the mine workinp' are the latite and andesite brecmas. The latite 
breccia has a field habit tiiat, in places, is anything but that suggestive 
of a breccia. On Paulina Mountain, the breccia habit is clearly defined, 
but masses of rock resembling parts of a flow are frequently encountered 
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underground. Some of these masses, where they are cut by mine work- 
ings, are fully 40 ft. (12 m.) across, and at least 10 ft. (3 m.) in the 
other directions. In the exposed portions of the glory holes in Pilares 
Mountain, apparent boulders can be seen that measure 30 by 8 ft. (9 
by 2 m.) with the remaining dimendon unknown. Although the 
usual habit of the latite is that of a breccia composed of fragments not 
over 10 in. (25 cm.) in diameter, volcanic bombs and a lathe-like habit 
are not unusual. The bombs, which have attracted the attention of 
the Mexican miner, who calls them “calaveras,” may beroimd or sphe- 
roidal and are always encased in a number of shells, resembling the layers 
of an onion. The sulfides frequently replace these shells or are deposited 
between two shells, forming an ore that is striking m appearance. Where 
the latite has a lathe-like habit, the structure would almost seem to be a 
primary brecciated flow structure in the latite. Where this type of 
rock has been mineralized and has been replaced by the ore sulfides, it 
has a peculiarly beautiful appearance. 

The andesite has no xmusual field habits. The mine workings clearly 
show that this rock underlies the latite breccia. Any theory of ore 
deposition that suggests that the mine occupies a volcanic pipe can, 
therefore, be dismissed as imtenable. 

The monzonite is the important intrusive from an economic stand- 
point, for it undoubtedly “brought in” the ore. The field relations of 
the rock are shown in the mine sections. The rock is dark, fine-grained 
holocrystalline, and of granitic texture, with the habit of a diorite rather 
than a monzonite. The intrusive tongues are slightly porphyritic and re- 
semble dioritic dike rocks. • The occurrence* is strongly suggestive of a 
stock of which the top has been depressed by shrinkage due to cooling 
and the weight of the superincumbent mass. Contact effects, due to heat 
of intrusion, are not pronounced. Those due to solutions given off by 
the intrusive are of economic, rather than petrologic interest. 

Metamorphism . — Owing to the disposition of the ore-bearing members 
of the mine, an exceptional opportunity is given for the study of the 
alteration of a set of rocks when due to the heat of intrusion of an igneous 
body and when due to the action of abundant solutions that deposited 
ore. Although numerous contacts between monzonite-latite and monzo- 
nite-andesite are exposed, in none of them do the invaded rocks show well- 
marked alteration, such as recrystaJlization, due to the heat of the intru- 
sive. Almost all of the alteration that can be observed without the aid 
of the microscope appears to have been produced by invading solutions 
that carried the ore. Each of the ore-bearing members suffered char- 
acteristic alterations and, because of its chemical unlikeness to the other 

*See the disoussion on block subsidence by R. A. Daly, “Igneous Bocks and 
Their Origin,” 196. 1914. 



388 


GEOLOGY AND MINING METHODS AT PILARES MINE 


members, each underwent a special change, though some of the new min- 
erals introduced became prominent in all. 

Latite breccia is not only the most siliceous of the different rock types, 
but it differs from them in physical properties, as regards fineness of 
grain and minuteness of comminution. The most characteristic change 
is to sericitej less characteristic is the alteration due to specularite, quartz, 
and scheelite. Of economic importance is the complete or partial re- 
placement of the rock by chalcopyrite, which completely replaces masses 
of the latite weighing a ton or more without visible alterations having 
been produced in the adjacent latite. Where pyrite enters, the rock at 
once becomes soft and sericitic. There are in the mine large volumes 
of ground that contain 2 to 5 per cent, of pyrite and of which the latite 
has been largely altered to sericite. 

The specularite is confined more or less to the immediate vicinity 
of the strong shear zones, although it also occurs disseminated. Where- 
ever specularite enters, the rock becomes silicified. 

Although not a dominant type of alteration, scheelite has been intro- 
duced in s uffi cient quantity to warrant mentioning the process of scheelit- 
ization. Locally the scheelite has become sufficiently abundant so that a 
serious attempt was made to mine one stope for its scheelite content. As 
a rule, chalcopyrite is more abimdant than pyrite in the scheelite-bearing 
rock. 

The andesite breccia, being more basic than the latite breccia, has 
undergone changes which are correspondingly different. The chief alter- 
ations are to sericite and chlorite; quartz, specularite, and scheelite are 
found in but a minor degree. As in the latite, so in the andesite, the 
sericite is accompanied by pyrite, the limits of orebodies being frequently 
determined by the entrance of sericite which acts as a signal that pyrite 
is present. The andesite becomes, moreover, soft and greenish due to the 
entrance of chlorite, a mineral that is but sparingly found in the latite. 
Upon the lower levels, large volumes of ground are seen to be chloritic 
and correspondingly poor in chalcopyrite. Up to the present time, chlo- 
ritic ground has failed to yield an orebody, although large volumes of 
chloritized andesite contain 0.7 to 1.2 per cent, of copper. It seems, there- 
fore, to be a rule that chloritic andesite forms poor ground in which to 
prospect. Frequently the brecciated mpnzonite, which contains excellent 
ore, will be bounded by chloritized andesite breccia, lean in chalcopyrite 
and containing a little pyrite. 

The monzonite is undoubtedly the igneous rock to which the ore is 
genetically related. Up to the present time but few orebodies have been 
found in this rock. The ore that does occur is found where the monzonite 
has been strongly fractured. The changes suffered by the rock are 
similar to those affecting the andesite — ^sericitization, chloritization, 
calcitization, silicification, and scheelitization being the types of altera- 
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tioii. As with the andesite, both sericite and chlorite signify a meager 
copper content, whereas the quartz and scheehte indicate good copper 
values. Of economic interest is the fact that, where sulfides occur in 
monzonite, there appears to be a preferential development of chalcopy- 
rite. On the 1200-ft. level (365 m.), in a drift that penetrates the 
monzonite for 100 ft. (30 m.), there was foimd a vein of gypsum asso- 
ciated with pyrite. Near by was found the only megascopic epidote as 
yet observed in the mine. 

As an indicator of ore, the degree or the kind of metamorphism may 
naturally become an important guide, but no infallible rule or set of 
rules has as yet been established. In general, a^ marked sericitization 
of the latite and andesite indicates pyrite, but in some of the wall ore- 
bodies sericitized latite carries good copper values wherever scheelite 
and quartz become accessory minerals, but even these orebodies grade 
into an assay wall of sericitized latite and pyrite. In the andesite, seri- 
cite also indicates pyrite; but in this rock both chlorite and specularite 
become important diagnostic minerals, for the soft chloritized rock almost 
never carries sufficient chalcopyrite to warrant the term ore. When the 
andesite, even though chloritized, is also silicified or carries specularite, 
then chalcopyrite becomes more abundant and bodies of minable ore 
are found. 

Inasmuch as few orebodies have been developed in the monzonite, its 
characteristic alterations are ^lot entirely apparent. The prime requisite’^ 
as with the other rocks, is shattering, and where this is pronoimced, the 
monzonite makes ore. As has been stated, the rock shows no striking 
megascopic alterations, and when sulfides do occur, chalcopyrite is usually 
the more abundant. As with the other rocks, sericitization signifies 
pyrite, whereas silicification and scheelitization indicate copper. 

Another feature, the significance of which is not entirely apparent, 
is the vuggy character of the latite and of the andesite, to a lesser degree. 
These open spaces evidently resulted from solution being a more pro- 
nounced process than deposition. The druzzy lining of the vugs gen- 
erally consists of calcite, to a lesser degree of quartz, chlorite and 
specularite, and rarely of the sulfides of iron and copper. The meager 
data available would seem to indicate that the vuggy rock is foimd on 
the peripheral part of an orebody. 

Classification of Orebody, — Lindgren® has classified the Pilares ore- 
body as belonging to those deposits definitely related to igneous rocks, 
but found near the surface. Since, however, a great amount of exploita- 
tion has been done since the observations were made on which Lindgren 
based his classification, it seems well to reclassify the occurrence in the 
light of the more recent work. The ores are intimately associated with a 
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monzonite intrusive and the ores were undoubtedly precipitated out of 
the emanations given ofif by this intrusive. The mineral association and 
the type of rock alteration are those characteristic of deposits formed at 
intermediate depths. In their relation to an intrusive, the ores resemble 
contact metamorphic deposits/ but at Los Pilares the country rock is 
latite and andesite instead of limestone, and so the characteristic contact 
minerals are missing. The deposit is placed, therefore, among those 
formed at intermediate depths due to direct emanations from an igneous 
intrusive to which the deposit stands in intimate- relationship. 

Ore and Associated Minerals at Pilares , — The chief ore mineral is 
chalcopyrite; the lesser ore minerals are chalcocite, covellite, and bornite. 
Both tetrahedrite and native copper are rare. Although native copper 
has been observed on the 100-ft. (40-m.) level, it has been found more 
abundantly on the 400-ft. and 500-ft. levels. The tetrahedrite has been 
found in a few narrow veins, about 1 in. (25.4mm.) wide, onthe800-ft. level. 
Chalcocite and covellite are only important as ore minerals above the 
600-ft. level. Bornite is rare and has been observed in but one part of 
the mine— the 35 block on the 800-ft. level. In the stope where bornite 
occurs, the mineral is associated with pyrite, chalcopyrite, and a little 
tetrahedrite. The bornite is concentrated in a small irregular body and 
at one time a few carloads of high-grade ore were shipped from this stope 
direct to the smelter. 

Associated with the copper minerals are pyrite, sphalerite, scheelite, 
sericite, chlorite, calcite, quartz, specularite, epidote, gypsum, barite, 
and kaolin. The pyrite occurs intergrown with the chalcopyrite, or 
replaces the latite and andesite over large volumes of ground, which are 
almost barren of copper. The mineral appears to have had greater 
powers of migration than did the chalcopyrite, and so is found forming 
the inner wall of almost all of the wall orebodies and the peripheral or 
assay wall of the central orebodies. It is frequently found well crystal- 
lized, the common habit being a combination of cube and pyritohedron. 

Hematite, variety specularite, occurs in both latite and andesite, 
but particularly in the latite above the 600-ft. level. Associated are 
abundant quartz and lesser amounts of chlorite, chalcopyrite, and pyrite. 
The specularite is found not only along the walls (the Luna wall in par- 
ticular), but is also found along the fractures of the Luna fault zone. 
The huge pillars that form conspicuous croppings are parts of the hematite- 


< The occurrence of ore in volcanic rocks close to an intrusive and resembling in 
many respects the contact metamorphic occurrences in limestone have seldom been 
described. One other similar deposit has been examined by the writer in the Copper 
River district of Alaska. The iUaskan occurrence on Clear Creek, a tributary of the 
Kuskulana river, is in the Nikolai greenstone and is characterized by chalcopyrite 
associated with pyrite with a gangue of andradite garnet, calcite, epidote, and mag- 
netite. The intrusives are quartz monzonite as a stock, and dikes of quartz porphyry.. 
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bearing ground and perhaps owe their endurance to their superior hard- 
ness due, in part, to the silicification of the latite. The specularite is 
found not only at the surface, but also in the deepest workings. Since 
this mineral can be traced from the surface downwards and since wherever 
found the relationships remain the same, the specularite is held to be 
entirely primary in origin. 

Sphalerite is but sparingly found and is rarely observed associated 
with ore. The mineral occurs not only at the surface but also in one of 
the central orebodies on the 1000-ft. level. In the zone of secondary 
enrichment, it is replaced by coveUite and chalcocite. Chlorite, although 
found in the latite, is more abundantly developed in the andesite and is 
a characteristic primary alteration product of this rock. Both calcite 
and quartz are abundant throughout the mine, with calcite seeming to 
prefer the andesite to the latite. The mineral also occurs in the ore- 
bearing monzonite* 

Barite is a minor mineral and is observed as a rule in small vugs. On 
the 400-ft. level it occurs intimately intergrown with the chalcopyrite. 
Minute web-formed crystals have been observed on the 1000-ft. level. 
Epidote and gypsum are of rare occurrence; both are found on the 1200- 
ft. level in the sheeted monzonite. 

The presence of scheelite in copper mines has been rarely described. 
In the Pilares mine the mineral seems to prefer the waU orebodies. The 
mineral occurs massive and in crystals showing the first and second order 
pyramids of the tetragonal system. The mineral has been found most 
abundantly along the Santa Cruz waU of the oval. With the scheelite 
are associated quartz, pyrite, chalcopyrite, specularite, and sericite. 
Some of the best primary ore of the mine occurs in ground carrying a 
noticeable amoxmt of scheelite. Wherever found the mineral appears 
to have been one of the first minerals developed. 

Distrihulion of Ore , — ^The ore of the mine consists of chalcopyrite 
and chalcocite, the latter mineral being important as an ore mineral 
above the 400-ft. level. The sulfides forming orebodies are disposed in 
two ways: (1) as a more or less continuous zone of ore about the walls 
of the oval, a body resulting that varies from almost nothing to 300 ft. 
(91 m.) in width; (2) as large plum-shaped bodies within the more 
central portion of the oval. In either case, the localization of ore is due 
to fracturing; aside from differences in rock texture, the more abundant 
the fracturing, the more abimdant the ore. 

Inasmuch as fracturing has been, to a large extent, the chief cause 
for the localization of the ore, the best orebodies of the waU should be 
found where the fracturing was most complete. As is shown in Fig. 4, 
the heaviest fault zones determining the waUs occur at the Pilares and 
Esperanza ends of the mine; at these ends, large orebodies have been 
developed. Along other parts of the periphery, bodies of ore have been 
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worked but all are smaller than the two orebodies at opposite ends of the 
oval. 

The Esperanza orebody measured approximately 1000 ft. (304 m.) 
long, 300 ft. (91 m.) wide, and has been mined for a depth of 800 ft. 
(243 m.). How much of the orebody has been eroded cannot, of course, 
be stated. The mining of this orebody began tmder the capping and 
extended to the 900-ft. level. In its upper portions, secondary enrich- 
ment increased the copper content, but this process becomes negligible 
below the 300-ft. level. As far as values go, some of the stopes 
of primary ore (6 to 10 per cent, in grade) are as rich as those in which 
the copper content was increased by secondary enrichment. In depth, 
pyrite becomes more abundant and the size of the minable orebody be- 
comes smaller and smaller. Looked at in a broad way, this orebody is 
a part of a huge lens, the apparent width of which has resulted, in part, 
from duplication by faulting. 

At the Pilares end of the mine, the strongly fractured ground carries 
an orebody the greatest length of which is about 600 ft., and greatest 
width about 300 ft. The ore has been developed from near the surface 
to the 1400-ft. level. Below the 500-ft. level, the orebody narrows 
markedly. About the walls are other orebodies lenslike in shape. 
On the 400-ft. level, these lenses come together, so that the entire 
periphery of the mine is mineralized, giving a truly remarkable body of 
ore as far as size is concerned. 

All of these wall orebodies show both horizontal and vertical altera- 
tions in grade. As seen in horizontal section, the ore begins at the barren 
wall and shades off into an assay wall of pyrite toward the center of the 
oval. In a vertical direction, the different cuts taken in stoping vary 
in grade, a cut of 2.5 per cent, ore being followed by 4 per cent. ore. 

The central orebodies, discoveries of recent years, occur in an irregular 
manner within the oval. Although in the outcrop the pillars that have 
made the mine a local landmark occupy the center of the oval, all ex- 
ploration directly beneath the pillars, prior to 1915, had failed to reveal 
a body of sulfide suflSiciently concentrated to be termed ore, and as a 
result it was thought that the ground beneath the pillars was barren. 
As work was extended in depth, as haulage ways were laid out through 
the center of the oval, more and more sulfide was found and the large 
orebodies of the central part of the oval were, at last, discovered.® These 
orebodies are localized in zones of shearing and, as is shown in Fig. 4, 
the orebodies are of relatively large dimensions, but extremely irregular 
in outline. It seems that wherever fracturing was intense and conditions 
of temperature, concentration, and pressure right, the ore began deposit- 
ing, not along any particular fracture, but spreading from a number of 


' In 1911, John M, Bontwdl advocated prospecting these pillars jn depth. 
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fractures out over a large volume, so that the central orebodies have no 
defined wall, but shade off into sulfide, which is at present of too low 
grade to be mined. . • 

As is to be expected, there are widp vertical and horizontal variations 
in the grade of the ore, to say nothing of horses of barren rock that must 
be sorted. The barren rock resembles, in part, huge volcanic bombs, 
of which the peripheral part is layered as the skins of an onion. 

Croppings . — The superficial indications of ore at Pilares are rather 
marked. On approaching Pilares Mormtain by the mine railway, the 
eye is attracted by the reddish-brown knobs that rise conspicuously 



above a red stained area, which stands in contrast to the gray of the 
surrounding latite. The knobs or pillars attain fully 50 ft. (15 m.) in 
section and may have a height of about 30 ft. (9 m.) An examination dis- 
closes that tihese pillars contain specularite, quartz, sphalerite, ehaicopy- 
rite and cuprite. In addition to the stains of limonite and manganese 
oxide they are smeared with malachite. They represent, therefore, ex- 
cellent indicators of ore-bearing solutions and it is not to be wondered 
that the early prospectors gouged holes into these promising loolqj^ 
croppings. Today one c«f the main fill holes of the mine has cut away 
about: hjdf of one of these pillares and the exposure resulting is no more 
promising than were the gougings of the prospector. The inside of the 
pillar is light, almost white in color, carries specrdarite, kaolin, and quartz 
and almost barren oi evwta'trace'Oi copper. Even after >oi® had be^ 
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discovered on the property, faith in the pillars was not lost, as is shown 
by the tunnels driven to cut the pillars in depth, but instead of copper, 
speeularite and quartz were discovered. At last the pillar ground of the 
TTiinft was given up as being unprofitable and development work continued 
around the walls of the oval. Eventually haulage drives had to be laid 
out through the center of the oval and one of these on the 600-ft. level 
disclosed ore. Development work showed a big orebody and a stope of 
85,000 tons of 3 per cent, ore has been opened in the pillar ground. On 
the 700-ft., 800-ft., 900-ft., and 1200-ft. levels, good-sized stopes (3.5 
and 4 per cent, in grade) have been opened beneath the conspicuous 
pillar croppings. At Pilares, therefore, we have a ease of ore occurring 
beneath a cropping that has every appearance of being above ore-bearing 
ground, but the ore was discovered at a depth that long ago discouraged 
the prospector. 

The croppings above the wall orebodies stand in contrast to the pillar 
croppings. The walls are marked by a slight depression, instead of an 
elevation. The glory holes in which the fill is quarried give excellent 
sections of the wall croppings. On the surface, these croppings have a 
reddish brown color and show a distinct limonitization, which in several 
instances becomes massive. All traces of copper are absent for a depth 
of 50 ft. (15 m.) where a little malachite becomes visible. The mala- 
chite gives way in a few feet to the zone of secondary enrichment which, 
although strongly marked for about 50 ft., gradually shades off into the 
primary sulfides. 

A third type of cropping is that of the barren pyrite variety. These 
croppings, as in many other parts of the Southwest, are light red in color 
and give way in a few feet, and frequently almost at the surface, to 
pyrite. 

Secondary Enrichment — The zone of secondary enrichment is relatively 
narrow and shallow. Along the walls, both pyrite and chalcopyrite may 
be entirely replaced by chalcocite for a depth of between 100 and 200 ft. 
(30 and 60 m.). Below the 200-ft. level, the amotmt of enrichment 
is almost negligible. Along shear zones, which offered chaimel ways 
for solutions, the chalcop 3 rrite is frequently tarnished down to the 900-ft. 
level. It may be of interest to note that the bornite occurrence on the 
800-ft. level, even though in a fractured zone, diows no evidence of chal- 
cooite enrichment, whereas the associated chalcopyrite is frequently 
well tarnished. On the 600-ft. level, crystalline native copper in a den- 
di^tic pattern occurs in seams in the latite. Associated are chalcocite, 
kaolin, and limonite, all apparently secondary in origin. 

From records of the mine it appears that water was first encountered 
at a depth of 400 ft. The main haulage tunnel, at a depth of 700 ft., 
encountered abundant water when it was being driven, but since that 
time this tuimel has practically drained dry the overlying country. When 
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the winze of the Guadalupe shaft was being sunk, water at one time 
stood about 4 ft, below the collar of this winze. After work in the mine 
had progressed to the 1200-ft. level it became necessary, in the revolution- 
ary days, to close down the mine for two months and water rose in both 
the Pilares and Esperanza shafts to within a few feet of the 1000-ft. 
level.® A churn drill hole on the Esperanza side of the mine and about K 
mi. (0.8 km.) distant from the oval, and a prospect shaft on the Pilares 
side of the mine and about H nii. distant from the oval, both encountered 
standing water within 100 ft. of depth. At present the mine makes 
about 50 gal. (189 1.) of water per minute and as depth is gained the upper 
levels become dry. It seems, therefore, probable that the original water 
level stood at 400 ft., a depth which limits the zone of important sec- 
ondary enrichment, and that the water level has constantly been lowered 
by pumping. 

Summary , — The Pilares mine is of the pyrite-chalcopyrite type occur- 
ring in latite and andesite breccias perhaps of early Tertiary age. . The ores 
are genetically related to monzonitic intrusives. In many respects the 
occurrence of the ore resembles that of the contact metamorphic deposits 
in limestone. The oval outline of the cylindroid mass of mineralized 
ground is due to the intersection of easterly and northwesterly fault 
planes. The chief ore mineral is chalcopyrite; bornite is but sparingly 
found. The gangue is characterized by specularite, which is held to be 
primary, scheelite, chlorite, calcite, epidote, sphalerite, sericite, gypsum, 
and pyrite. Enrichment of commercial importance is confined to the 
upper 200 ft. of the workings. The cropping is conspicuous because of 
several large hematite-bearing and limonite-stained piUars that carry 
but a trace of copper and overlie important orebodies, which do not 
extend much above the 600-ft. level. 

Mining Methods 
Equipment 

The Pilares mine is connected with the miU at Nacozari by a 5-mi. 
(8 km.) steam railroad and the 5000-ft. (1524-m.) Porvenir tunnel. 
The railroad gage is 36 in. (91.4 cm.) and the track is laid with 80-lb. 
(36.287-kg.) rails. The ore train is made up at the switching yards 
at Porvenir and turned oyer to the steam locomotive at this point. 
The railroad transports 75,000 tons of ore to the mill per month in 
25-ton bottom dump cars. The ore is delivered to the railroad cars in 
the Porvenir tunnel from large chutes made by widening raises to 15 by 
15 ft. with the bottom of these raises, just above the tunnel, enlarged 
into the main pockets. These raises run up to the upper levels and, 


« Statement by Bert Here, Mine Foreman. 
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by inclines cut into them, ore can be dumped in at each level. The 
openings where the mine cars dump into these chutes are covered by 
automatically swinging steel doors to prevent the dust returning into 
the mine workings. There are ten of these railroad chutes and their 
combined capacity is around 20,000 tons. The ore below the tunnel 

level is hoisted to the railroad pockets. 

The mine has been opened to the 1500-ft. level 
rrzzzzY^zjr^-zz-'^. three shafts. At the north end of the oval in 

{// which the ore occurs there is the three-compart- 

/ ment Esperanza shaft. The compartments are 

4.5 by 5 ft., using three cages: this shaft handles 

rrr - 1 material and men to the Esperanza and Guadalupe 

' divisions. At the Pilares, or south end of the oval, is 

/ the three-compartment Pilares shaft with three 

cages, which handle men and supplies to the Santa 
_ Cruz and Pilares divisions. . The Guadalupe shaft, 

which is the main ore-hoisting shaft, is situated in 

y the center of the oval and extends only to the 

I 500-ft. level. 

At Esperanza, a double-drum, Nordberg electric 
:zziz:]lZZZ''£SSs^ hoist with a 22-ton flywheel generator set handles 
1^500 Level cagcs. Theso cages have a height of 9 ft., so 

f that long timber can be loaded on them without 

putting up the bonnet. 

At Pilares, a new five-compartment shaft is 

””7 Level being sunk 400 ft. beyond the old shaft, as the old 

J I shaft is in ore on the lower levels. This new shaft 

f I will have one big cage, with a 5 ft. 8 in. by 9 ft. 

deck, and two standard cages in the 4.5 by 5 ft. 

— M yoo-x—j' compartments. The fourth compartment will be 

Fig. 5.— Illus- used for a counter-weight for the big cage, and for 
TBATiNG RAILROAD pj-p^ Im ftR while thd fifth Will be used for a man- 

OBB CHUTES. ^ ^ - i n 1 •i'j. 

way. The shaft was opened as follows: driits were 
run out from each level and 4 by 6 ft. raises run up; then, starting on 
every second level the shaft was widened and timbered up full size, one 
compartment being lined inside and used as a chute to handle the broken 
rock. The shaft timber is 12 by 12 in. for the wall plates, 8 by 12 in. for 
the Tnain dividers, and 6 by 12 in. for the sub-dividers. All timber is 
California redwood, because of its greater resistance to decay and fire. 

The main ore-hoisting shaft is the Guadalupe, situated in the center 
of the oval. This shaft uses skips of 2.5 tons capacity in two compart- 
ments, and has a third compartment for a manway. The ore is hoisted 
from pockets and the skips are charged by means of a loading cartridge, 
which holds exactly one skipload. The dumping of the skips is so ar- 
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ranged, by means of a door, that the ore is deflected to the mine-railroad 
ore chutes, while by throwing the door the other way, waste can be hoisted 
and dumped into a separate chute. This door is on the 550-ft. level, but 
by means of an air valve it can be thrown either w^ay by the skip tender 
at the 1000-ft. or 1200-ft. levels. The door is connected with white and 
red electric lights, so that when it is set for ore, it shows a white light at 
every level; , and when set for waste, a red light. The electric device 
is very simple and positive and shows the skip tender just how the door 
is set. 



Fig. 6. — Filares. shaft; otttcrop at top of mountain is one of pillars from 

WHICH MINE IS NAMED. 

Tramming is done by both hand and electricity. Hand tramming 
cars have a capacity of 22 cu. ft. (0.623 cti. m.) and hold approximately 1 
ton. They are equipped with Hyatt roller bearings. The electric 
tram cars are side rocker dump, of 1.5 ton capacity, with Hyatt roller- 
bearing wheels. Five-ton bar frame Westinghouse electric locomotives are 
used, operating at 260 volts from an overhead trolley wire. The standard 
track gage on all levels, except the 700-ft. main railroad tunnel level, 
for both hand and electric tramming is 20 in. (50.8 cm.) . Hand tramming 
tracks use 16-lb. (7.23 kg.) rails and electric tracks use 40-lb. (18.14-kg.) 
rails. 
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The mine employs about 1300 men underground and 300 men on the 
surface. All labor is Mexican. The only Americans are the division 
foremen^ engineers, and heads of departments. All development work, 
mucking, and tramming is done by contract at so much per foot or per 
car. A considerable number of the stopes are also operated on con- 
tract. In drifting and cross-cutting, Leyner & Waugh 60 Dreadnought 
and Waugh Turbo machines are used, mounted on 8-ft. (2.43-m.) columns. 
The standard drive is 8.5 ft. by 5 ft. wide for machine work, and 7 ft. high 


Fig. 7. — Espeeanza shaft head-fbame with compressoe house and hoist house 

IN BACKGROUND. 

by 5 ft. wide for hand work. The standard drift round is shown in the 
illustration. Stoping is done with 16--V Waugh and CC-11 IngersoU- 
Rand stopers. The men running stoping drills are paid by the foot of 
drill hole put in per shift. 

Stoping Methods 

We have in operation the following methods of stoping orebodies: 
Hard ore in ground that stands exceptionally well is mined by the fiat 
cut-and-fill method and an incline shrinkage-and-fill method. 

Cut-and-fill Method . — The flat cut-and-fill method, shown in Fig. 8, has 
been the standard method of Pilares for several years and is the method 
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that, at present, produces the largest percentage of the ore. The ground 
stands exceptionally well in the majority of the orebodies. Some of these 
flat cut-and-fiU stopes often reach very large dimensions, as, for example, 
the 646 stope, which is 60 ft. (18.28 m.) wide by 600 ft. (182.88 m.) long. 
The standard practice is to sill such a stope on the level, then take one 



Fig. 8. — Flat cut-and-fill stope. 


7-ft. (2.13-m.) cut off the back, then run up fill hole raises 50 ft. (15.24 m.) 
apart along the center line of the stope to the level above, stand a timber 
line of 10 by 10 in (25.4 cm.) sawed timber, making the drift 5 by 8ft. (1.52 
by 2*438 m.) in the clear; double lag over the caps and single lag on the 
sides. Chutes with manways are provided every 30 ft. (9.144 m.) . These 
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chutes are 4 ft. 6 in. square (1.37 m.) inside measurementj and are lined 
with 2 by 10 in. (5 by 25.4 cm.) plank. The chutes have arc doors 30 
by 30 in. (76.2 by 76.2 cm.) in size. Waste is now poured down the fill 
holes covering the timber line and spread level. This filling work is done 
on contract by the cubic foot, the engineers first measuring the space to 
be filled and computing the volume. The cut is then started at one end 
of the stope around a fill hole and carried 7 ft. (2.13 m.) high the length 
of the stope. When the first cut has advanced part way down the stope, 



fill is poured in the end fill hole and spread and another cut at the next 
elevation is started behind the first cut. A long stope will have two to 
three cuts going on at once. Cribs of 6 in. by 6 in. by 6 ft. timber are built 
up to support the back at all points that appear heavy. Most of the 
timber in these cribs is saved and used over again. 

This flat cut-and-fill method is a cheap method and well adapted to 
the nature of the deposits, as a very considerable part of the ore contains 
large waste boulders. These are more easily sorted out and disposed of 
in a flat cut-and-fill stope than in an incline shrinkage-with-fill stope. 
However, the incline shrinkage-and-fill stopes are proving to be cheaper 
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by about 15 c. per ton and new slopes are being laid out to run on this 
system, providing they are in a block of ground in which the ore is not too 
badly mixed up with waste boulders and the back is sufficiently solid to 
be safe. 

Incline Shrinkage and Fill . — When ore is developed it is silled out on 
the level until the boundaries of the orebody are reached. In the case of 
the 624 slope this body was oval in shape, being 160 by 120 ft. (48.76 
by 36.57 m.) for the longer and shorter diameters, respectively. After 



working out the sill, a cut 7 ft. high was taken over the back and two fill- 
hole raises, located near the center of the slope, were run to the level 
above. The object of using two raises instead of one was to locate each 
raise at the foci of the ellipse, so that the waste would spread itself natu- 
rally into an elliptical, instead of a circular cone, and thereby more nearly 
assume the shape of the orebody. A timber line was then stood, so ar- 
ranged that the chutes came around the outer walls of the slope. These 
chutes (fourteen in number) were about 25 ft. (7.6 m.) on centers. The 
timber line was made of sawed timber 10 m. (25.4 cm.) square, and lagged 
with 2-in. plank. The posts were 8 ft. long and the caps 7 ft., giving 5 
by 8 ft. in the clear. Waste was poured down the two central fill holes 

*voL. iixni. — 26 . 
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and spread level around the timber line. After leveling; the ore was 
broken around the two fill holes, taking off 7-ft. cuts, slicing upward to 
make a cone. The men stood on the broken ore and mined up each time 
until the cone was the full size of the stope and ran up at a 35° angle, 
after which the ore was mucked into the chutes. These chutes were the 
standard mine chutes, being 5 ft. (1.5 m.) square and covered with grizzly 
bars made of 8 by 8 in. sawed timber, spaced with 12 in. (30.4 cm.) open- 



Fig. 11.— Shrinkage stope showing shovelwats. 


ings. Fill was now dropped through the fill holes until it spread out in a 
natural, elliptical shaped cone and its edge reached to the chutes. A 
short floor of 2~m. plank was laid next the chutes and extended 6 ft. up 
the cone to assist in mucking the ore on the next cut. Mining now started 
up all around the bottom of the cone, using stoping machines. The ore 
was rapidly broken up the slope to the two central fill holes, using drill 
holes 8 ft. long. Just enough ore was now mucked into the chutes to 
allow another cut to go up the cone.. This was repeated until four cuts 
had been taken. Then the stope was mucked clean, the chutes raised 
20 ft. (6.09 m.) and enough fill put in to again reach theback. There 
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was a slight amount of fill that had to be hand spread between the chutes 
and the outer walls of the orebody. The accompanying illustrations 
show two stages of operating this stope. 

The advantages of this method are: several cuts are taken before 
filling; 20 ft. of ore is broken all over the stope, so that no floor is needed 
over the waste fill, the bottom of the ore only being raked down over the 
waste cone once. If fill were put in after each cut, too much waste 
would get mixed with the ore; if the cone were floored with plank, the 
extreme hardness of the Pilares ore, and the large pieces weighing 3 or 5 
tons into which it breaks, would make it practically impossible to maintain 



Fig. 12. — Section theough shrinkage stope. 


the floor without great breakage. The expense of installing a floor over 
a large cone for every 7-ft. cut would make quite an addition in the stoping 
cost. We figure that the amount of fines lost on top of the waste fill is 
negligible because the waste cone is scraped down very carefully, and 
1 or 2 in. of waste filling mixed in with 20 ft. of broken ore has no ap- 
preciable effect in lowering the grade. As the cone of such a stope is 
only cleaned down five times during 100 ft. of stoping, it is possible to 
do this work carefully without adding too much expense to the cost 
per ton of ore distributed over the life of the stope. A stope of this size 
run on this method in the extremely hard ore of the Pilares mine will 
produce 9000 tons per month. 

Shrinkage Stopes . — During the earlier days, the ore was mined in 
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large shrinkage stopes. In some of the larger orebodies they were laid 
out across the orebody, generally 50 ft. (15.24 m.) wide and 100 to 200 ft. 
(30.48 to 60.96 m.) in length. A 50-ft. pillar was then left and another 
stope run up and so on. Raises were put up in the pillars for manways 
and crosscuts were run to the stopes at 20-ft. intervals. 

Due to the exceeding hardness of the ore and the fact that it broke into 
big boulders, it was impossible to draw it through ordinary chutes; 
therefore, an arch was left over the drift and shovelways put in. These 
consisted of crosscuts about 12 ft. long and a short raise with a funnel- 
shaped top opening into the bottom of the stope. No chute was used. 
The ore was loaded into the cars by shoveling. Large boulders were 
drilled and blasted as they appeared in the shovelway. Steel sheets 
were used on the bottom of the shovelway and the floor of the shovelway 
was a couple of feet higher than the track, so that the shoveler would 
not have to raise the ore so high in loading a car. One man would load 
25 tons per shift from a shovelway. Sometimes instead of short, funnel- 
shaped raises, the stope was silled out at the back of the shovelway and 
a triangular pillar left over the drift. These shrinkage stopes were 
drawn after all the ore was broken and then filled with waste from the 
surface. In the earlier history of the mine, these stopes could be drawn 
very successfully; but in late years, due to the extensive stoping, the 
ground has been so weakened that such stopes caimot be drawn without 
caving the areas around and above them. This caving causes a serious 
mixture of the wall rocks with the ore. Some of these old shrinkage 
stopes were of immense length, as in the Martinez, Evans, Dominguez, 
Sol, and Luna, which were practically one continuous stope 2000 ft. 
long, with widths varying up to 60 feet. 

Top Slicing Flat . — In the case of several of these shrinkage stopes, 
the ore cannot be successfully drawn and it has become necessary to top 
slice these broken reserves. This is done by putting up raises in the 
barren walls around the old shrinkage stope. These raises are made in 
two compartments: one side being used as an ore chute and the other as 
a manway. If there is a floor pillar left above the old shrinkage stope, 
this is taken out, either cut-and-fill or, if the ground is too heavy, 
square setted. Top slicing is then started under a plank floor, which is 
laid on top of the broken reserves of the old shrinkage stope, before cut 
and filling or square setting out the floor pillar above. 

In the case of the 310 stope, we had the following problems: This 
stope had come up from the 400-ft. to the 300-ft. level as a shrinkage 
stope. The back was virgin ore through which two raises had been 
put up to the 200-ft. level. On the 200-ft. level, a shrinkage stope had 
been run up to the surface and drawn, after which it was partly filled 
with surface waste. The shovelway arches on the 200-ft. level con- 
stituted a considerable tonnage of good-grade ore. 
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When an attempt was made to draw the broken ore that filled this 
stope from the 400-ft. level to the 300~ft. level, the back began to cave 
in big blocks, weighing up to 2000 or 3000 tons, and the level above 
began to crack. The old shrinkage stope was 140 ft.' long by 80 ft. 
wide. 

We could not fill the big hole between the top of the broken ore, 
which had by this time been drawn to a point about 20 ft. below the 300- 
ft. level, and the back with waste, as this would have mixed with the 
broken ore, so we filled the hole with ore mined elsewhere on the 200- 
ft. level, dropping it down the two raises already mentioned, until we had 
enough filling to reach the back. This was then shot down until sohd 



Fig. 13.— Incline top slice with sqxjaee-set timber in slot used in 273 stope. 

and caught up on bulkheads. We then sunk two-compartment cribbed 
winzes through the broken ore to serve as ore chutes and manways 
to the 400-ft. level, laid a double floor on the broken ore, and stood a 
timber line on iL We are now taking out the ore between the 300-ft. 
and the 200-ft. levels by the cut-and-fill method and will square-set the 
old shovelway arches when this stope gets to the 200-ft. level, after which 
we will top slice the broken reserves under the wooden floor between the 
3004t. and 400“ft. levels. 

We have top sliced out a couple of large blocks of broken reserves 
and do not experience any more difficulty than in top slicing new ground. 
We carried these slices 9 ft. high in the past, but are now experimenting 
with 11-ft. slices. 

Inclined Top Slice , — We are opening up one inclined top slice on a 
block of soft ore, that comes up to within 35 ft. of the surface. This 
inclined top slice is operated on the same plan as that described by 
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W- G. Scott/ except that instead of running a shrinkage stope for a 
chute, we run up a single line of square sets and lag four sets for chutes 
and use the fifth as a manway. The square-set posts are 9 ft. 2 in. long, 
so as to give a 10-ft. slice. 

After dropping a floor, we draw enough ore from the row of square 
sets to start opening the next floor below; this gives a self-mucking top 
slice and a very rapid producer. Moreover, the first set of posts to 
catch up the mat are already in place. We recover the plank used in 
lagging the square sets and use the same for flooring in the next slice. 



Fig. 14.^ — ^Diagbammattc eepkbsentation of genbkal system used at Pilaees 

MINE. 

Square-set Stapes , — Most of the ore stands so well that square setting 
is not necessary; however, when a eut-and-fill stope approaches the bot- 
tom of a mined-out block above, the stope has to be changed over to 
square sets. The chutes in the eut-and-fiU stope are not always so ar- 
ranged as to be readily joined with the chutes for the square sets, although 
cut-and-fill stopes that have been started recently have their chutes 
placed with this in view. A good many piUars between old stopes are 
mined by square setting so that, all told, over 20 per cent, of the mine 
tonnage comes from stopes operated by this method. 


Tram. ( 1918 ) 69 , 305 . 
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The standard square set at Pilares is 5 ft. square and 8 ft. high, and 
because the ore breaks in large rough pieces and because of the weight 
in some of our square-set stopes, the standard post is either 10 by 10-in. 
sawed timber, or round timber 10 to 12 in. in diameter; the latter is 
preferred as it is stronger and cheaper. 

The practice has been adopted lately of making the sill floor of a 
square-set stope, when it starts on the level, 9 ft. 2 in. (2.79 m.) high 
under the caps. This enables us, when crushing of the sill floor timbers 
takes place, to double up the posts and caps and still leave room for the 
cars to pass under the chute mouths. I might add here that the Pilares 
hand-trammed ore cars are exceptionally high from the rail to the top 
of the l^ody. 

We contract all square-set stoping and use. two systems of settle- 
ment: one by the cars of ore pulled from the chutes and the other by 
the cubic contents mined, that is, by the square set put in place. We 
find one square set averages 16.6 tons of ore. Paying a contractor by 
the set mined has proved the better method, as there' is less chance for 
error than by counting the cars from the chutes. 

Filling Stopes . — The underground fiU for our stopes is obtained from 
the surface. Raises are run up from the lower levels of the mine to the 
top of the Pilares Mountain. About 300 ft. below the top of the moxm- 
tain these raises have an offset which is covered by a grizzly. The raises 
are made 15 by 15 ft. (4.57 by 4.57 m.) below the grizzly and 20 by 20 ft. 
(6.09 by 6.09 ft.) above the grizzly. Some of these fill holes have more 
than one grizzly, as in the case of fill hole No. 14, which has three grizzlies 
placed aroimd the three sides of the raise and the lower raise below the 
grizzly has three branches run up to connect with these three grizzlies. 
The grizzlies are made with 18-in. (45.7-cm.) openings and are built out 
of 10 by 20 in. (25.4 by 50.8 cm.) timber, covered with 0.5-in. (12,7-cm.) 
steel boiler plate and crossbars of 60-lb. (27.21 kg.) rails laid across these 
timbers at right angles. 

The tops of the fill holes are opened to great funnels, sometimes 100 
to 225 ft. (30.4 to 68.5 m.) in diameter. ' Aroimd the sides of these fun- 
nels 30-ft. to 35-ft. holes are drilled and sprung several times, then loaded 
with black powder; 20,000 to 30,000 tons of rock are thus broken very 
cheaply at one blast and descend down the 20 by 20-ft. raises to the griz- 
zlies, where the larger pieces are blockholed. One of these £dl holes can 
furnish about 600 tons of waste per 24 hr. Chutes are placed in the 
raise below the grizzly on each level in the mine and the waste is drawn 
out and transferred to the stopes as needed. All development waste is 
also .used in the mine to fill stopes, but development waste itself consti- 
tutes only a very small percentage of the total fill necessary. 
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Tunnel Driving. at Copper Mountain, B. C. 

BY OSCAR LACHMITNI), E. M,, SPOKANE, WASH. 

(Chicago Meeting, September, 1919) 

During the driving of the main haulage level at the Copper Mountain 
mines of the Canada Copper Corpn., Ltd., near Princeton, B. C., some 
very rapid driving was done, though no claim for a world^s record is 
made. Conditions, however, were unfavorable for economical operations. 
The cost of power was high, for the fuel was of poor grade; besides, during 
the time the wmrk was in progress, very little other power was needed 
so that most of the power cost was charged against the footage. The 



Wig. 1. — DtoT EOUNB used in main haulage level, Copper Mountain, B. C. 


transmission line consisted of No. 4 galvanized iron wire with the result 
that the line loss was considerable. The voltage transmitted was about 
30^00. The plant was operated under a lease, which was due to expire 
about the same time this work was supposed to be completed; an ex- 
tension was refused, therefore speed was most important. 

The plans called for a straight adit 2900' ft. (884 m.) in length. At a 
point 2800 ft. (853 m.) from the portal, two raises were to be put up to 
the next nearest workings, a difference in elevation of about 800 ft. 
(243 m.). One of these was to be a two-compartment hoistway and 
the other a zigzag ore pass, or muck run. A location for these raises 
had been determined by a number of diamond-drill holes, but the 
material to be penetrated by the adit was not known. It seemed 
imperative to get the tunnel work completed as rapidly as possible, in 
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order to allow for delays in. the raising program, which were certain to 
occur. To show how closely these operations were timed, it is interest- 
ing to note that the 'date of expiration of the power-plant lease was 
Sept. 1, 1918, and the last round, making the connection between the up- 
per and lower workings, broke through’’ in the night of Sept. 3, 1918 

The plans called for a tunnel 9 ft. (2.7 m.) high by lift. (3.3 m.) wide; 
but owing to the '^blocky ” nature of some of the rock a considerable ^^over 
break” occurred. This enlarged the tunnel cross-section to 10.4 ft. 
by 12 ft. (3.2 by 3.6 m.) indicated by measurements taken at 200-ft. 
(60-m.) intervals after the work was finished and slowed up the work on 
account of the extra waste handled, besides increasing the cost per foot of 
driving. Several regions of geological disturbance were crossed and the 
heavy ground encountered called for timber supports. More than 350 
ft. (106 m.) of heavy timbering was necessary at various points along the 
course of the tunnel-; this also retarded the work to the extent of about 6 
ft. (1.8 m.) per day for each set of timber placed. Once the working 
force was organized and the work well under way, three shifts were put 
on working 8 hr. each. 

The drills used were the dreadnaught No. 60. They were mounted 
four on a horizontal bar, from which position all but the four bottom 
holes, or '^lifters,” were drilled, the miners working on the muck pile. 
Upon completion of the upper part of the round, most of the muck had 
been removed; that which was left was rapidly thrown back from the face, 
all hands helping on this work. The horizontal bar was then torn 
down and dropped to the lower position, from which the lifters were 
drilled. The change of the bar from the upper to the lower position, to- 
gether with drilling the lifters, loading, and firing the entire round, 
was frequently made in 50 minutes. 

The holes were pointed to pull a 7-ft. (2-m.) round and averaged about 
9 ft. (2,7 m.) in depth. The center, or ^^cut holes,” were fired first, 
after which followed the side holes, then the back holes, and finally the 
lifters. The drift round commonly used in this work is illustrated in 
Fig. 1, which also indicates the firing of the holes in groups. The blasting 
was done by hand, the fuses being ‘‘spit.” The timing of the shots 
was regulated by cutting the fuse in different lengths; the shortest for 
the center holes, the next longest for the side holes, and so on. The 
lifters were loaded with extra heavy charges of powder, so as to throw 
the muck back from the face as much as possible. This was sometimes 
helped by placing charges of explosive outside and beneath the lifters; 
these were called muckers, and were set to go off after the rest of the 
round had been fired. 

The powder used was a non-freezmg kind, varying in strength from 
40 to 60 per cent, nitroglycerine, depending on the hardness of the rqck 
at the face. 
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The rock was handled in small, V-shaped, hand-dump cars of about 
1000 lb. (453 kg.) capacity. Tramming was done by hand until the 
distance from heading to dump became too great, irhen horse haulage 
was substituted; later this was replaced by an electric installation. 
Steel plates were laid on the bottom for a distance of 30 to 40 ft. (9 to 
12 m.) from the face, to facilitate shoveling, also to permit shunting 
empty cars past the loaded trains and thereby eliminating the need for 
double track. 

The cars, being light, were easily pulled from the track and, with 
bodies tilted, were passed on the steel plates, alongside of the loaded 
cars and then pushed back on to the track at the muck pile and loaded. 
Temporary track was laid close up to the face before firing a round. 
The T-rails were laid on their side, allowing the flanges of the car wheels 
to run on the grooves thus formed. 

The foul air and gases were removed, after each round was fibred, 
by a Connersville rotary blower, of 10 cu. ft. (0.28 ou. m.) capacity, 
stationed at the portal of the tunnel. Later, a similar machine was 
placed about halfway in the adit and worked in tandem with it. The 
blowers were set to exhaust toward the surface through a 12-in. (30-cm.) 
wire-wound, wooden stave pipe. The men were able to return to the 
heading within 15 min, after firing. 

The mucking crew was divided into three gangs, on each shift, averag- 
ing 11 men per shift. The work was divided so that one gang was 
shoveling muck, another was picking down from the muck pile, while the 
third was bringing up empty cars and forming them into trains after 
they were loaded. This latter work did not take up the entire time, so 
that this gang had an opportunity to rest. As soon as a train was loaded 
the gangs changed jobs; that is, the pickers went at shoveling, .the car 
handlers took the picks, and the shovelers took the easy work, and so on. 
Greater efficiency was maintained in this manner, as the change of work 
tended to rest the men and they were able to work continuously. 

A bonus system was also a large factor in keeping the men up to the 
mark. This was based on a daily advance of 9 ft. (2.7 m.), upon which 
the then “going” wages were guaranteed; for all advance over 9 ft., 
$6 per foot was added as bonus. For each set of timber placed, an allow- 
ance of 3 ft. (0.9 m.) was made, which applied on the bonus. Current 
wages at the time were $4.50 for miners, $4 for helpers, and $3.50 for 
common labor. The bonus distribution brought these amounts up 
to $5.91 for miners, $5.25 for helpers, and $4.59 for muckers. The fore- 
man and the shift bosses also shared in the bonus, the distribution being 
made by pro-ratmg the bonus in the same ratio as the amount of regular 
wage received by each man. Everybody seemed satisfied and no diffi- 
culties were experienced as far as the labor situation was concerned. 

The work was begun on Oct. 9, 1917, and the timnel was fimished 
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Mar. 11, 1918, a total of 154 days. The actual working time was 150 
days, four days being lost on account of a break in the power line. 

The length of the adit is 2903 ft. (884.8 m.) and the daily average 
progress was 19.3 ft. (5.8 m.) for each working day. The greatest 
advance in any one month was in December, 1917, when a total of 
645 ft. (196 m.) was driven. The amount of rock handled is estimated 
at 185 tons per day. The material penetrated was granodiorite, for the 
greater part of the distance. Tke total cost of driving the tunnel was 
$103,242.15, which brings the cost per foot of tunnel to $35.56. Cer- 
tain equipment and supplies were charged against the work that should 
have been carried in a suspense account, as most of these had a cer- 
tain salvage value because it was intended to use them in the future 
operation of the mines. For reasons already mentioned, such as ex- 
pensive power, the cost given does not really represent the actual expense 
of driving. Had speed not been so important, no doubt the work could 
have been done more cheaply. A few of the cost items are as follows: 


Total Driving Cost Totals Unit Cost 

Labor $25,517.81 $8.80 

Explosives 16,616 .75 5.72 

Drills, parts and repairs 2,767 .82 0.95 

Steel, sharpening and replacement 3,979.78 1.37 

Miscellaneous supplies 1,908,27 0.66 

Power 8,410.24 2.90 


$59,200.67 $20.40 

Rock Disposal 

Labor $21,843.40 $7.52 

SuppHes 1,685.24 0.57 

Power 558.64 0.20 


$24,087.28 $8.29 

Timbering 

Labor $1,335.52 $0.46 

Timber and supplies 2,513.18 0.86 


$3,848.70 $1.32 

Indirect Expense 

Air and water lines $5,439 .09 $1 . 88 

Electric Hghtmg 1,018 .81 0.35 

Ventilation 3,198.38 1.10 

Dump, tracks, and trestles 503 .67 0.17 

Depreciation on drills . 970 .76 0.33 

Depreciation on cars 301 .82 0.11 

Surface hoisting and hauling *. 3,464 .58 1.19 

Miscellaneous supplies 1,208.39 0.42 


$16,105.50 $5.55 
$103,242.15 $35.56 


Total cost 
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Timbering details 

5S sets timber installed, cost per set $72.62 

364 ft. of tunnel timbered, cost per foot 10.83 

Drilling Details 

Actual drilling hours 8022 

Actual working days 149i K 2 

Average drilling hours per day 53.50 

Cost of upkeep per drilling hour, in cents 22.53 


Before planning any of the work, the engineer in charge visited large 
mining properties in the West and Southwest, where all the latest methods 
were observed. From notes taken upon these trips, the layout for future 
work was developed. The method of driving the main haulage level 
was derived from the operation of the Pioneer Tunnel at Glacier, B. C., 
a few years ago, by the Canadian Pacific Railway. 

The credit of working out the plans and details of this work belongs 
to Mr. P. S. Norcross, Jr., at that time superintendent of mines of the 
Canada Copper Corpn., now a captain in the 27th Regiment of Engineers, 
the mining regiment, at present in France. Captain Norcross was 
unable to complete the job, as he enlisted in December, 1917, but the 
work was carried out by his successor and former assistant engineer, 
Mr. P. E. Crane. 
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Wedging Diamond-driU Holes 

BY O. HALL,* M. SC., AND V. P. ROW, f CONISTON, ONT. 

(Chicago Meeting, September, 1919) 

Diamond drilling has become a very important factor in mining. It 
is the most satisfactory method of obtaining proof of the existence of an 
orebody and of determining the character and extent of the body in 
measures where a core can be made. Large investments are based on the 
information obtained. The method of development, the mine and reduc- 
tion plants, and subsidiary essentials established are often without 
other information. The Mond Nickel Co. has drilled about 60,000 
ft. (15,240 m.) per yr. for several years and has given considerable study 
to the question of improving the methods and of overcoming the limita- 
tions of this means of securing ii^ormation. 

One of the main li m itations of the diamond drill has been its inability 
to drill a straight hole. To depths of 1000 ft. (304 m.) the deflection is 
often not large but all holes tend to curve and take somewhat erratic 
courses. A hole running at a small angle to a fissure plane tends to run 
along the fissure. If the hole is at a large angle, the tendency is tp pene- 
trate the fissure plane at right angles. The face of the bit having one side 
in solid formation beyond the fissure,- the other in the selvage of the fissure, 
tends to turn, the rods curving to the extent of their clearance in the hole. 
Usually rock measures have somewhat regular Assuring or strata and 
holes take somewhat similar courses, usually at right angles to the Assur- 
ing or strata. Excessive pressure or short or worn core barrels increase 
curvature. Slow speeds, correct feeds, sharp bits, and core barrels the 
full size of the bit, tend to decrease curvature but do not prevent it 
Curvature once started increases rapidly. The disappointments from 
crooked holes have been numerous. Discoveries have later been found 
to be on the properties of others. One Canadian company had a hole, 
supposedly discovering ore 300 ft. (91 m.) from old workings, unex- 
pectedly turn in 8 ft. (2.4 m.) of wooden core from a timber in the old 
workings. 

In many cases the information secured by a curved hole is satisfactory, 
if it can be accurately surveyed. The inclination of the hole at any point 


* Mines Superintendent, Mond Nickel Co, 
t Exploration Engineer, Mond Nickel Go. 
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can be determined by lowering a glass tube containing hydrofluoric acid 
in a special short length of rod bored out to the diameter of the test tube. 
By taking etchings at intervals of 100 ft. (30 m.) or less, the curvature of 
the hole can be plotted. It is necessary to use the same class of tubes in 
all cases, to have the clinometer and test-tube walls parallel and to prepare 
a curve of capillarity correction for the class of glass tube used. All holes 
should be surveyed as the work proceeds. The acid strength can bo 
diluted to allow two or three clinometers to be lowered in a string of 
rods, shortening the survey time. A special instrument can be purchased 
for reading the glass tubes but more accurate readings can be made by 
clamping the tubes to the extended arm of a steel protractor, setting the 
protractor in a vertical position facing and about 15 ft. away from a 
transit, using the transit crosshair to determine that the base of the pro- 
tractor is horizontal and rotating the extended arm with the tube clamped 
to it, until the etched line coincides with the horizontal crosshair. The 
angle can then be read off the protractor. 

The determination of the course of the hole is not quite so easy and not 
as satisfactory. We have trammed vertical holes satisfactorily to a depth 
of about 600 ft. and think deeper tramming is possible. Two sharp nails 
or steel points are fixed, one at the floor touching the rods, one exactly 2 
er 3 rod lengths vertically above. The rods are punch-marked opposite 
the tram points every two or three lengths and are lowered keeping the 
punch marks touching tram points and are raised, as an added precaution, 
in the same way. The direction fixed by the tram point and the center 
of the rod having been marked on the glass tube in the clinometer lowered, 
both direction and dip can be calculated from the etching. Deep holes 
cannot be satisfactorily trammed. A great deal of study has been given 
to the question of surveying deep holes. A recent Swedish method adopts 
the principle that a hole is a series of straight lines and angles and places 
instruments at various -points with a fine wire between the instruments. 
The instruments record the angles turned at the points surveyed. Appa- 
ratus has been used that photographs a compass and a small plummet. 
The simplest method is to divide the etching tube, putting acid in one 
part, warm gelatine and a small compass in the other. In deep holes it 
is necessary to have the gelatine in a thermos bottle, as in the Maas 
instrument, otherwise the gelatine chills too quickly. When a compass 
is used, a brass clinometer is necessary and two 10-ft. brass rods are 
placed between the clinometer and the steel rods. Where local attrac- 
tion is present, the compass is unsatisfactory but tramming and compass 
will usually give some consistent readings and give a fair idea of the 
course of the hole. Dividing the gelatine and placing a plummet in one 
part gives a second way of determining inclination and a check on the 
etching. 

The more accurate survey methods have made it possible to interpret 
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curved holes, but there are many cases 
where highly valuable information cannot 
be obtained if the curvature cannot be con- 
trolled. Large orebodies and orebodies 
with a flat dip are usually defined and 
sampled by vertical holes at the corners of 
squares. The computations are very un- 
satisfactory if the deflection is large. In 
some cases no information is given by a 
curved hole. This is the case where the hole 
runs parallel to or away from the orebody, 
or again where the deflection is greater than 
the extent of the orebody. In some meas- 
ures, holes started vertically deflect so 
rapidly that they are running horizontally 
at shallow depths and deep information 
cannot be obtained. 

The question of controlling the direction 
of drill holes first arose on the Rand and 
holes, which would never have reached the 
reef otherwise were turned by wedges and 
obtained the information sought. Wedges 
were also used to obtain a second sample. 
Credit for the greatest enterprise in drilling 
should be given the Rand, and J. I. 
Hoffmann's paper^ and Hugh Mariott's^ 
are classics on what Mr. Hoffmann calls 
the ''art of diamond drilling.” No doubt 
Mr. Hoffmann would hjave considered the 
carrying of wedging sufficiently far to bore 
a vertical drill hole a still further im- 
provement of the art. 

The Mond Nickel Co. found on two 
properties that holes, started vertically, 
were out as much as 400 ft. (121 m.) at 
depths of 1200 to 1800 ft. (365 to 548 m.). 
Having several holes to go depths of 2500 
to 3000 ft., it was necessary to find a 
method of controlling curvature. After 
considerable expensive experimentation, the 
company has adopted a standard practice 
of wedging that appears to overcome one 



Fig. 1. — Diagram op divert- 
ing WEDGES. 


^ Trans. Inst. Min. and Met. (1912J 21, 481. 
2 Trains. Inst. Min. and Met. (1905 j 14, 255. 
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of the laxge limitations of the diamond drill. Holes that warrant the 
expense are wedged back to vertical or back to a straight line as soon 
as they show deflection of over 3®. A diagram of diverting wedges is 
shown in Fig. 1. 

Each wedging requires the use of a wooden plug, a drive wedge A, a 
pilot wedge B, a deflecting wedge D, a special clinometer C, Pig. 2, and 
a special reaming bit E. Wedging is possible in any hole and no change 
of size is made, that is an “E” hole remains “E” size, an “A” hole “A” 
size, and a “B” hole "B” size. The dimensions and description given 
are for “A” holes. 



To wedge a hole at any point, a dry, turned, wooden plug grooved to 
allow water to pass is pushed down with the rods to the point where it is 
desired to branch the hole and allowed to swell. A drive wedge is then 
dropped into the hole and driven into the wooden plug, using a blank bit 
for driving. The drive wedge, being cut out below the face, usually 
falls with the face of the wedge in the direction of dip but in every case 
its position is surveyed carefully by using the special clinometer C, 
Pig. 2. Lines are cut on the inside of the clinometer parallel to and in 
the plane of the long axis of the 30° beveled part of the clinometer. 
Lines indicating this plane are marked on the sides of a glass test tub^ 
with a small carbon, the low point of the bevel face being indicated. The 
^a® tube is filled to a height of about 2 in. with hydrofluoric acid diluted 
with two parts of water, a cork put in, gunamed paper placed over cork 
Mid fastened to the sides of the tubej and the plane marked across the 
paper so that it fits the cHnometer snugly and when lowered into the 
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clinometer the marks coincide. The clinometer is lowered into the hole 
and allowed to set 30 min. to take the etching; it is then pulled up, the 
tube cleaned and dried, and the low and high points of the etching marked 
when the tube is held vertical. The relative direction of the face of the 
drive wedge and the dip of the hole are indicated. If the two low points 
coincide, they are the same and it is only necessary to set the face of the 
pilot wedge and the face of the deflecting wedge in the same direction 
and lower them. If the two low marks do not coincide, it is necessary 
to determine the angle between them and to rotate the pilot wedge with 
regard to the deflecting wedge, to bring the deflecting wedge, when in 
place, in a direction opposite to the dip of the hole. Strips of paper 
wound around the test tube and wedges allow marking and measuring 
the arc determining the angle. If the dip is small, a standard dip pro- 
tractor or the transit and protractor may be necessary to determine the 
low point of the etching. 

A ring is left at the top of the deflecting wedge to lower it. The 
pilot wedge and deflecting wedge properly orientated are lowered by 
riveting a special lowering plug threaded into a blank “A” bit to the 
ring with a copper rivet. Neither the 30° face of the drive wedge nor 
the face of the pilot wedge is brought- to a thin point but an end in. 
thick is left. This provides a surface for driving the drive wedge; also, 
in one position, the point of the pilot wedge will rest on the point of the 
drive wedge and on being rotated 180° the pilot wedge will drop 2 in. 
(5.08 cm.) into its place, indicating when the two are in their proper 
relation: Shearing of the copper rivet gives a further drop of 3 in. (7.6 
cm.) , The amount of stretch in the rods must also be taken into account 
in working at depth; 1500 ft. (457 m.) of “A’^ rods have about 2.5 in. 
(6.35 cm.) of slack. 

When the deflecting wedge is in place, an bit and core barrel 
are used and an hole drilled to a point 3 or 4 ft. (0.9 or 1.2 m.) below 
the Wedge. The curved face of the deflecting wedge is ^'E^' size, so the . 
^'E” bit follows the wedge without cutting into it. After the ''E^' 
drilling, the wedge and ^deflected hole are reamed out with the spfecial 
reaming bit “E.^' The small part of this is ^^E^^ size and acts as a. pilot. 
Diamonds are set in the beveled part to ream the wedge and hole out to 
'‘A^" size. After doing this, the regular ^^A” rods and ^^A^’ bit are used, 
but reaming with the A” bit is started at the top of the wedge to make 
sure jihere is ample clearance for passing up and down. The ^^A^^ hole 
is continued as an “ A’^ hole below the wedge. 

Wedging was first tried in a vertical hole that had been abandoned as 
useless at 1100 ft. (335 m.). The hole was branched by a wedge at 436ft. 
(132 m.) where the deflection was 5° and, by using seventeen wedges, 
was guided to a depth of over 2400 ft. (731 m.) with a deflection under 
24°. The correction per wedge was less than expected and the work 

voh, ijxin. — 27. 
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indicated that it would have paid to start a new hole and wedge whenever 
the deflection exceeded 3°. The upper part of the hole was a fissured 
granite or gneiss; the lower, fissured quartzite. The first wedgings were 
expensive and only partly satisfactory but a skilful setter and crew 
corrected the difficulties, making accurate wedgings without difficulty 
after the third wedging. The average correction per wedge was 2°. 
Two subsequent holes in norite, greenstone, and granite were drilled to 
depths of over 2500 ft. (762 m.), keeping the defiection within 6® by using 
three wedges in each. One of these holes had deflected to 5“ at a depth 
of 362 ft. (110 m.). It was wedged at 328, 472, and 580 ft., bringing it 
back to 1® 10'. The other was out 2° 25' at a depth of 700 ft. A 
wedge brought this back to 0° 35'. Though new to the work the setters 
and crews on the latter holes had no difficulties. Thin core shells being 
lowered to recover lost cores should be lowered slowly past the top of 
a wedge. The first deflecting wedges were made without the extra foot 
of the base and one gave trouble by loosening. 

A set of wedges, comprising a drive, a pilot, and a deflecting wedge, 
cost about $25 in 1918. The average cost of a wedging was about $250, 
labor $100, fuel $50, carbon $50, wedges $25, and miscellaneous $25. 
Experienced crews took five shifts to complete a wedging, a shift placing 
a wedge, one shift drilling with “E” bit, two shifts reaming “E” hole 
to “A” size, one shift reaming through the wedge with the “A” bit. 

Credit for the many suggestions is due the members of the firm of 
Smith & Travers, contractors. A successful wedging method, in addition 
to overcoming curvature, can be used to branch a hole for any 'purpose, 
for securing additional records of strata or additional samples of the 
vein or deposit. The application of wedging to the correction of curva- 
ture appears to overcome one of the large limitations of the diamond drill. 

DISCUSSION 

Hugh M. Roberts,* Minneapolis, Minn, (written discussionf). — 
The paper by Messrs. Hall and Row marks a distinct advance in the 
art of diamond drilling, because it records a systematic application of a 
method for directing the path of the diamond bit. Their work is an 
admirable example of engineering development. They had a definite 
object to attain; z.c., the drilling of many vertical diamond-drill holes 
to depths of 2500 or 3000 ft. (762 or 914 m.). They availed them- 
selves of a method of wedging seldom used, improvedi the manner of 
making the wedges, developed a technique of survey, and put the process 
into practical, continuous operation. So effectively has this been done 
that they determine the average cost of the work. The publication of 


♦ E. J. Longyear Co. 


t Received , Sept. 22, 1919. 



DISCUSSION 


419 


the results, in the form of detailed diagrams, makes the application 
general to whoever has a similar problem. 

The wedging of diamond-drill holes has been practised in the Lake 
Superior region for the purpose of making branch holes, particularly 
where the original hole has penetrated a great thickness of glacial drift. 
The uneven nature of the iron formations has caused the results to be 
somewhat uncertain. One operation, in 1907, near the American mine 
on the Marquette Range, by the firm of Longyear & Hodge, predecessors 
of the E. J. Longyear Co., resulted in the drilKng of a hole 1828 ft. (567 m.) 
deep, with two branches at depths 100 ft. (30 m.) and 770 ft. (234 m.), 
respectively. A second hole from the same set-up went to a depth of 
2497 ft. (761 m.) with a branch at 1850 ft. (563 m.). In this instance, 
the wedges were forged to the desired shapes and angles with respect to 
each other. A drill hole, sunk in 1915, in the township of Bates in the 
Iron River district of Northern Michigan, which penetrated 385 ft. 
(117 m.) of boulders and gravel, was also similarly deflected for the 
purpose of taking a second sample across the iron formation. The wedg- 
ing of diamond-drill holes has been accomplished in the copper country, 
also for the making of branch holes. However, it has remained for 
Messrs. Hall and Row to develop a precise method that can be generally 
applied. 

In their paper, the authors touch upon methods of surveying diamond- 
drill holes. These are generally xmsatisfactory because of the limited 
size of the hole, expensive by reason of the time consumed, and the results 
of the surveys usually leave a feeling of uncertainty in their wake. 
It has occurred to me that if a method of survey could be devised that 
would be entirely independent of the drill hole itself, it would be 
desirable. 

The grinding of a diamond bit may be heard distinctly for long dis- 
tances through solid rock, even through a hundred feet of glacial drift. 
Listening instruments of great accuracy have been developed in con- 
nection with underground warfare in Europe. One instrument known 
as the American geophone, a simplified seismograph, has been developed 
by the United States Army Engineers, and has lately been applied by the 
U. S. Bureau of Mines to purposes of mine rescue. OflS.cers who have 
served in Canadian tunneling regiments state that the position of German 
headings could be determined by means of listening instruments, from 
the sounds of tools at work, with accuracy though chalk at distances of 
1000 ft. (304 m.) or more, not only as to position in azimuth but as to 
elevation. In a solid rock, hke the norite of the Sudbury district, sound 
waves are transmitted distinctly. By applying the geophone to the 
survey of diamond-drill holes, it may be possible to fix the position of 
the bit while at work at various points in the hole, say every 100 ft. (30 m.) 
in depth, and thus determine quickly and with a fair degree of precision 
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the path of the drill hole in three dimensions. The method would be 
particularly applicable to the survey of angle holes. These instruments 
are as yet in the hands of the Corps of Engineers and the Bureau of Mines. 
The Bureau of Mines has indicated a willingness to make tests on the 
application of the geophone to the survey of diamond-drill holes. The 
results will be watched with great interest. 

The paper by Messrs. Hall and Row brings forcibly to mind the 
growing effectiveness of the diamond drill as an exploring agent. The 
prime necessity in any mining enterprise is an orebody to work. Im- 
provements in the methods used for discovering orebodies and determin- 
ing their nature are of great impoitance to the whole mining industry. 
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Unwatering the Tiro General Mine by Air-lift 

BT S. F. SHAW, E. M.,* CHARCAS, S. L. P., MEXICO 
(New York Meeting, February, 1920) 

In 1913, the Tiro General mine, at Charcas, S.L.P., Mexico, which 
had been making from 125 to 160 gal. of water per min., was allowed to 
become flooded, after all the pumps had been removed, and in 1918 
the problem of unwatering it came up for solution. There are two ver- 
tical shafts, the Tiro General, 1390 ft., and the San Fernando, 1225 ft. 
in depth, with five connecting levels between them. The San Fernando 
shaft had been partly retimbered, while the Tiro General had been newly 
timbered from the collar to 1090 ft. in depth. It had been possible to 
place guides in only one compartment of the Tiro General, from the collar 
to the seventh or 850-ft. level, to which it was necessary to lower the water 
before station pumps could be installed. Soundings indicated that com- 
partments in the Tiro General were open to 1082 and 428 ft., and in 
the San Fernando shaft to 471, 488, and 586 ft. The water had risen 
to a point 140 ft. below the collar of the Tiro General shaft. 

Pumping Equipment 

The steam plant at the Tiro General shaft includes one 300-hp., 
one 150-hp. and one 100-hp, Erie City water-tube boiler, and two 160-hp. 
Heine water-tube boilers. AU but one of these boilers were supposed to 
be in good shape, but it was soon discovered that six years of idleness in 
a climate that is foggy for several months of the year had left them in poor 
condition. The compressed-air plant comprises one Nordberg cross- 
compound compressor with piston displacement of approximately 2500 
cu. ft. of free air compressed to 96 lb. per sq. in. ; and another Nordberg 
cross-compound with piston displacement of 1235 cu. ft. of free air, 
to the same pressure. 

The main pump station is on the seventh level where had been installed 
a Prescott pot- valve plunger pump with capacity of 200 gal. per min.; 
also a Gould triplex plunger pump with capacity of 135 gal. per min., 
driven by a 6 ^ by 10 by 12 in. steam engine. From the lower levels, 
the water had been raised to the seventh level by small station pumps 
and sinking pumps. 


* Superintendent, American Smelting & Refining Co. 
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Although the submergence of an air-lift pump at the final stage of 
imwatering to the seventh level would be limited to about 225 ft., we were 
assured by pump manufacturers that this point could be reached by 
a single-stage air-lift, and we therefore decided to adopt this method. 
The equipment to be purchased consisted only of piping, footpieces, 
etc., since the compressor plant was considered adequate for the purpose. 
Not only did we save the first cost of such equipment as sinkers, or cen- 
trifugal pumps and motors, but we also found that delivery of pipe could 
be effected in much less time than pumps and motors. 

At the beginning of operations, two air-lifts were installed, one in the 
Tiro General and one in the San Fernando shaft. These were operated 
untn it became evident that they were not suitable for the work to be 
required of them at greater depth; they were then removed and replaced 
by air-lifts of better design, designated Nos. 3 and 4. Since the lift in- 
volved in lowering the water to the seventh level, where steam pumps 
could be installed, was much greater than had ever been attempted 
before where a large quantity of water was to be handled, it was neces- 
sary to make many careful experiments as the work progressed, in order 
to anticipate the probable performance of the lifts that were installed. 
In order to show the line of development, the successive installations will 
be described. 


Aib-lipt No. 1 

Delivery Pipe . — The first installation consisted of 300 ft. of 6-in. 
spiral-riveted pipe connected to the footpiece, then a 6 to 5-in. reducer, 
followed by 5-in. spiral-riveted pipe to the smface. It was soon discov- 
ered that the reduction in diameter was a mistake, and therefore the 6-in. 
pipe was replaced by 6-in. pipe to a height of 600 ft,, at which point the 
5-in. pipe had to be retained, as all the available 6-in. pipe had been used. 
The completed line, therefore, consisted of 600 ft. of 6-in. spiral-riveted 
pipe, from the footpiece, a 6 to 5-in. reducer, 23 in. long, 100 ft. of 6-in. 
spiral-riveted pipe, a 6-in. nipple 7 ft. 9 in. long attached to the headpiece, 
to permit rapid coimection of the spiral pipe, a 6-in. nipple 26 in. long 
within the headpiece, and at the footpiece a 6-in. nipple 4 ft. 1 in. long 
which allowed the riveted pipe to be conveniently connected with the 
footpiece. The total length of the delivery line was therefore 716 feet. 

Air Line . — ^The air line from the footpiece to the shaft collar consisted 
of 4J^-in. casing; this was connected flexibly to the 6-in. air main from 
the compressor plant. 

Footpiece. — A Talbot 6-in. footpiece was used. The body, being of 
wood, was wrapped in sheet iron and wire to protect it from falling rocks. 

Headpiece . — ^This was a sheet-iron tank, 36-in. in diameter, and 69 
in. hi^ inside measurements. In the center of the bottom was a 6-in. 
hole, to which, both above and below, flanges were bolted into which 
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6-in. nipples were screwed. The inside nipple was 26 in. long while the 
lower one was 7 ft. 9 in. long, and had a flange screwed on its lower 
end, by which connection could be made easily and quickly with the 6-in. 
spiral-riveted pipe. A sheet-iron conical deflector was hung from the top 



of the headpiece, to which it was rigidly attached at a distance of about 
50 in. above the bottom of the tank. The water was thereby diverted 
to the sides of the tank, while the air escaped through an opening in the 
top of the headpiece. A 12-m. opening was cut in the side of the head- 
piece, close to the bottom, from which the water was conducted through 
a 12-in. pipe to the measuring box. 



Fiq. 2. — Wood clamps supporting pipe columns above carrier. 

Carrier . — ^The lower 300 ft. of the water column and air pipe were 
suspended below a carrier, the frame of a 4-ton skip from which the box 
had been removed. The pipes were supported on the floor of the carrier 
by heavy iron clamps which also carried the weight of the columns above 
the carrier. The carrier was hung from a sheave wheel to the axle of 
which were attached shoes which fitted the shaft guides. A 1-in. steel- 
wire cable from the hoisting engine and headframe sheave passed under the 
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carrier sheave, and then up to the headframe, where its end was securelj’ 
attached. This arrangement diminished the danger of breaking the 
cable and permitted the entire weight to be raised by the hoisting engine. 
It also made easier the adding of lengths to the water and air lines, 
Kg. 1. Above the carrier, the air and water pipes were supported by 
wood clamps, through the ends of which the two segments of hoisting 
cable were free to pass, as shown in Kg. 2. 

Measuring Box . — ^To obtain accurate measurements of water, a box 
was built containing a V-notch weir. This box was 36 in. wide, 37 in. 
deep, and 10 ft. 4 in. long, and was provided with a Sanborn automatic 
water-recording instrument, which permitted approximate water meas- 
urements to be taken from the chart at any time, and also enabled us to 
estimate the number of hours during the day that the air-lift was in 
operation. 


->1 

^ 

i 

1 

^ 4,"...^ 

f-tlU 

I 



Pig. 3. — MEAStnaNa box tjsbo at Tibo Gbnebal shaft. 


Operation . — ^At first, when the lift consisted of 300 ft. of. 6-in. pipe 
followed by 60 ft. of 5-in. pipe reaching to the shaft collar, a 5-in. pipe 
350 ft. long and containing four 90° elbows was connected directly to the 
top of the water column with the intention of conducting the water to 
a reservoir from which it could be measured and drawn off as desired. 
With this arrangement, the discharge was intermittent and the mixed 
water and air issued in powerful blasts. The ma x i m u m capacity, when 
lifting the water only 150 ft., was 275 gal. per min. The headpiece 
described above was then attached to the water column, allowing the 
water and air to issue freely, and immediately increasing the capacity to 
400 gal. per ■ min. On substituting 6-in. pipe for the 60 ft. of 5-in. 
pipe, a further increase of 125 gal. resulted, making the total discharge 
525 gal. per min. This equipment was in operation from Feb. 10 to 
May 19, during which time the lift ranged from 155 to 485 ft. and 
the capacity decreased from 525 to 270 gal. per min. Table 1 gives 
various data relating to this period. As the lift increased, the capac- 
ity of the 6-in. water line constantly diminished. A series of tests was 
made to find the relation between lift, amoimt of water raised, and cubic 
feet of free air consumed, the results being shown in Tables 2 and 3 and 
Fig. 4. A fairly constant decrease in pumping capacity, for a given 
diameter of water column, as the lift increases will be noticed, provided 
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Table 1.— Airlift No, 1 


Lift, Feet 

Submer- , Total Length 
gence, ! of Pipe, 

Feet 1 Feet 

Per Cent. 
Submer- 
gence 

Operating 

Capacity, 

Gallons 

Cijbic Feet 
Air per 
Gallon 

160 

187 

347 

53.8 

275 

1.42 

171 

197 

368- 

53.6 

275 

1.51 

182 

190 

372 

51.2 

435 

0.98 

192 

179 

371 1 

48.3 

525 

0.91 

201 

189 

390 : 

48.5 ’ 

.525 

0.98 

212 

178 

390 

45.7 

490 

1.05 

220 

212 

430 ! 

48.9 

' 520 

1.01 

229 

201 

430 

46.7 

540 

a 

24:1 

198 

439 

45.3 

530 


252 

198 

450 

44.0 

485 


259 

211 

470 

44.7 

500 


271 

200 

471 

42.4 

420 


282 

208 

490 

42.5 

460 


295 

197 

492 

40.0 

430 


303 

202 

505 

40.0 

430 


310 

204 

514 

39.8 

412 


325 

200 

525 

38.3 

396 


330 

205 

535 

38.3 

390 


343 

232 

575 

40.4 

415 


360 

225 

575 

39.2 

412 


373 

232 

605 

38.3 

402 


382 

233 

615 

37.9 

390 


398 

227 

625 

36.4 ! 

350 


410 

234 

644 

36.4 

355 


423 

232 

655 . 

35.6 

350 ! 


433 

242 

675 

35.8 

1 315 


440 

249 

689 . 

35.8 

320 


454 

241 

695 

34.8 

j 275 


461 

234 

695 

33.6 

1 280 

2.92 

471 

244 

715 

34.2 

285 

3.04 

481 

234 

715 

32.7 

275 



®Tiro General No. 1 air-lift and San Fernando air-lift were supplied with air 
from the same air-main simultaneously, therefore individual measurements of air 
consumed could not be made under regular operating conditions. 


the depth of submergence remains constant, and in the case of the 6-in. 
installation the inference can be drawn that at about 900 ft. lift there 
would be little or no water issuing from the discharge pipe. 

It was observed that beyond a certain amount of air, further additions 
did not increase the quantity of water raised; this point is designated as 
the maximum capacity.'^ Another point was observed on all curves 
at which the pumping eflSciency was greater than for either a smaller or 
Ifirger amoimt of water; this is designated as the point of maximum 
efl&ciency,^' The capacity at which the air-lift was operated dining 
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Table 2. — Tests on Air-lift No, 1 


No. 

. 

Lift, 

Feet 

Sub- 

mer- 

gence, 

Feet 

Total 

Length 

Pipe, 

Feet 

Per 

Cent. 

Sub- 

mer- 

gence 

Capacity 

at 

Maxi- 

mum 

Effi- 

ciency 

Cubic 
Feet 
Air at 
Maxi- 
mum 
Effi- 
ciency 

Maxi- 

mum 

Capacity 

Cubic 
Feet 
Air at 
Maxi- 
mum 
Capacity 

Pump- 

ing 

Effi- 

ciency 

at 

Maxi- 

mum 

Effi- 

ciency 

Pump- 

Effi- 

ciency 

at 

Maxi- 

mum 

Capacity 

1 

181 

j 190 i 

370 

51.0 

340 j 

0.66 

510 

1.60 ! 

57.6 

[ 23.1 

2 

192 

178 

370 1 

52.0 

392 

0.74 

‘ 580 

1.30 

54.0 

i 32.3 

3 

214 

216 j 

430 

50.0 

450 

0.67 

i 588+ 

1.26 

62 .7 

33.3 

4 

300 

195 : 

495 

39.5 

307 

1-52 

464 

2.36 

41.3 

26.3 

5 

354 

221 1 

575 

38.5 

295 

1.67 

440 

2.70 

41 .3 

25.6 

6 

395 

219 ' 

615 

35.7 

270 

1.84 

406 

3.17 

42.9 

25.0. 

7 

42S 

247 1 

i 675 

36.6 

255 

2.00 

370 

3.18 

41.0 

21.0 

8 1 

466 

249 1 

1 715 

34.8 

242 

1 

2.47 

307 

3.57 

35.2 

24.4 


Table 3. — Tests on Air-lift No, 1 



1 

1 2 

l 

3 

4 

® 1 

6 

7 

8 

Submergence (ft.) 

190 

178 

216 

195 

221 

219 

247 

249 

Lift (ft.) 

181 

192 

214 

300 

354 

396 

428 

466 

s 

Ratio 

105.0 

93.0 

101.0 

65.0 

62.0 

66.0 

58.0 

53.4 

Gal. water per min 

340 

392 

450 

307 

295 

270 

255 

242 

Total cu. ft. free air (7250 ft.) 

283 

366 

384 

594 

627 

633 

648 

760 

Total cu. ft. free air (sea level) 

223 

289 

302 

468 

492 

498 

510 

598 

Cu. ft. per gal. (sea level) 

0.66 

0.74 

0.67 

1.52 

1.67 

1.84 

2.00 

2.47 

Per cent, pumping efficiency 

57.6 1 

54.0 

62.7 

41.3 

41.3 

42.9 

41.0 

36.2 

Velocity per second, water footpiece 

4.0 1 

4.6 

6.3 

3.6 

3.6 

3.2 

3.0 

2.8 

Velocity per second, water headpiece 

4.0 

4.6 

5.3 

3.6 

3.5 

4.4 

4.1 

4.0 

Velocity per second, air footpiece 

2.9 

3.9 

2.4 

5.9 

5.6 

5.6 

6.2 

6.1 

Velocity per second, air headpiece 

25 

32 

34 

62 

55 

78 

79 

93 

Velocity per second, mixture footpiece. . . . 

6.9 

8.5 

7.7 

9.5 

9.1 

8.8 

8.2 

8.9 

Velocity per second, mixture headpiece. . . 

29 

37 

39 

56 

59 

82 

83 

97 

Air pressure (submergence) 

82 

77 

94 

85 

96 

97 

107 

1 108 

Per cent, submergence 

1.51.0 

52.0 

60.0 

39.6 

38.6 

36.7 

36.6 

i 34.8 

Maximum gal. per min 

510 

1 680 

588 

464 

440 

406 

370 

307 

Cu. ft. per gaL, max capacity 

1.60 

s 1.30 

1.26 

2.36 

2.70 

3.17 

3.18 

3.67 

Sq. ft. inside pipe surface 

590 

590 

682 

786 

913 

976 

1056 

1109 

Pumping effic. at max cap 

23.1 

; 32.3 

33.3 

26.3 

25.6 

25.0 

21.0 

24.4 



At Altitude 7250 Ft. 


A 


vAfivn nv nATA OF Table 3. 
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any day is designated the ^^operating capacity/’ The capacity at maxi- 
mum efficiency is indicated in Fig. 4, as well as the maximum capacity 
of the pipe. In Fig. 5 it will be seen that curves showing the most effi- 
cient capacity, the operating capacity and the maximum capacity are 



roughly parallel, indicating that all diminish as the lift is increased 
provided the depth of submergence remains approximately constant. 

Aie-lift No. 2 

Delivery Pipe— The water column ultimately consisted of 865 ft. 
of wood pipe, of 6-in. diameter at the footpiece and in. at the top. 
This was tightly bound by wire to the air pipe from the footpiece to the 
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carrier, a distance of 300 ft., in such manner that its entire weight was 
carried by the air pipe. The joints were wrapped with light canvas, 
painted with heai'j' fuel oil and wrapped with Ko. 16 annealed iron wire, 
in spite of which there were many leaks in the line. The staves of the 
pipe were in. thick. 

Air Pipe . — This was 3-in. casing, from the footpieee to the shaft 
collar, where it was attached through flexible connections to the 6-in. 
air main. 


Table 4. — Air-lift No. 2 


Lift, Feet 

Submer- 

gence, 

Feet 

' Total Length 
of Pipe, 
Feet 

Per Cent. 

1 Submer- i 
1 gence 

i ; 

Operating 

Capacity, 

Gallons 

Cubic Feet 
Air per 
Gallon 

465 

239 

705 

1 

' 34.0 

400 


471 

i 234 

705 

1 33.2 

390 


482 

237 

j 719 

j 33.0 

385 


496 

; 239 

1 735 

; 32.5 

386 

2.60 

503 

1 232 

i 735 

i 31.7 

388 

2.60 

514 

229 

743 

1 30.8 

370 

2.72 

521 

. 229 

1 750 

30.5 

375 

2.64 

532 

218 

1 750 

29.0 

340 

2.90 

541 

209 

i 750 

27.9 1 

332 

2.88 

550 1 

216 

766 

28.2 

322 

3.36 

561 

205 

1 766 

! 26.8 

304 

3.53 

570 

226 

: 796 

1 28.4 

295 

3.11 

580 

216 

i 798 

27.2 

290 

3.31 

590 

222 

812 

27.3 

295 ; 

3.40 

599 

227 

826 

27.5 

j 290 

3.35 

611 

223 1 

834 

26.7 

! 290 

3.46 

622 

220 

842 

26.1 

270 

3.47 

630 

212 i 

842 

25.2 

260 

3.72 

639 

231 1 

870 

26.5 

285 

3.65 

649 

223 i 

870 

25.4 

265 

3.90 

657 

213 

i 

i 870 

24.5 

233 

4.07 


Table 5. — Tests on Air-lift No. 2 


No. 

! Lift, ‘ 

1 Feet 

■ Sub- 
mer- 
gence, 
Feet 

Total 

Length 

Pipe, 

Feet 

Per 

Cent. 

Sub- 

mer- 

gence 

Capacity 

at 

Maxi- 
mum 
Effi- ■ 
ciency 

Cubic 
Feet 
Air at 
Maxi- 
mum 
Effi- 
ciency 

Maxi- 

mum 

Capacity 

Cubic 
Feet 
Air at 
Maxi- 
mum 
Capacity 

Pump- 

ing 

Effi- 

ciency 

at 

Maxi- 
mum 
' Effi- 
ciency 

Pump- 

ing 

Effi- 

ciency 

at 

Maxi- 

mum 

Capacity 

1 

492 

; 243 

735 

1 33.0 

358 

2.40 

447+ 

2.80 

I 

38,7 

33.2 

2 

532 

21S 

1 750 

29.0 

308 

2.73 

384 

3.60 

38.1 

29.0 

3 

562 

1 204 

766 

1 26.6 

250 

3.54 

314+ 

4.10 

31 .9 

27.8 

4 

596 

216 

811 

j 26.8 

255 

3.04 

320 

4.0 

[ 38,8 

29.2 

5 

630 

211 

841 

1 25.1 

238 

3.31 1 

290 

4.43 

1 38.1 

28.5 

6 

657 

1 

1 214 

871 

24.6 

219 

3.90 i 

1 

268 

5.00 

33.1 

26.2 
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Table 6 .- 

-Tests 

on Air-lift No, 2 




1 

2 

3 

4 

5 

6 

i 

Submergence (ft.) 

• 243 

218 

204 

216 

: 211 

! 

j 214 

Lift (ft.) 

492 

532 

562 

595 

1 630 

! 654 

Ratio ^ 

50.0 

41.0 

36.0 

36.3 

1 33.5 

32.5 

Gal. water per min 

358 

: 308 

1 250 

' 255 

j 238 

i 219 

Total cu. ft. free air (7250 ft.) 

1093 

, 1070 

1123 

987 

j 1003 

; 1086 

Total cu. ft. free air (sea level) 

! 860 

842 

884 

770 

790 

1 855 

Cu. ft. per gal. (sea level) 

i 2.40 

2.73 

■ 3.54 

3.04 

3.31 

1 3.90 

Per cent, pumping efficiency 

Velocity per second, water foot- 

; 38.7 

i 

38.1 

31.9 

38.8 

38.1 

1 33.1 

piece 

Velocity per second, water head- 

i 4.2 

3.6 

2.9 

3.0 

2.8 

2.6 

piece 

i 3.6 

3.1 

1 2.5 i 

! 2.6 

2.4 

2.2 

Velocity per second, air footpiece. 

1 9.0 

9.5 

; 10.8 

9.1 

9.3 

10.1 

Velocity per second, air headpiece 
Velocity per second, mixture foot- 

; 82 

I 

i 80 

i 

1 

1 84 

i ‘ 

: 74 

78 

82 

piece 

Velocity per second, mixture head- 

i 13.2 

1 

1 

i 13.1 

13.7 

12.1 

12.1 

12.7 

piece 

1 86 

1 83 

87 

77 

80 

,84 

Air pressure (submergence) 

105 

i 97 

88.5 

94 

92 

93 

Per cent, submergence 

j 33.0 

i 29.0 

26.6 i 

26.8 

25.1 

24.6 

Maximum gal. per min 

447 

I 384 

314 1 

320 

290 

268 

Cu. ft. per gal., max. cap 

i 2.88 

I 3.60 

4.10 i 

4.0 

4.43 

5.0 

Pumping effic., max. cap. .... 

33.2 

, 29.0 

27.8 

29.2 

28.5 

26.2 

Sq. ft. inside pipe surface i 

1170 

: 1178 

1 

1203 j 

1274 

1321 

1368 



Cubic Feei” Free Air Per Minube at 85 Per&ent Vol. Eff at A l+ituoJe 72^5*0 Ft. 
I^G. 6. — CCTEVE BASED ON DATA OF TaBLE 6. 
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Footpiece . — This was a Talbot 6-in. design, like the one used on No. 
1 lift. 

Headpiece.— This wsls a wooden tank of 42 in. inside diameter and 36 
in. depth. A 9-in. flanged nipple 22 in.- long was bolted to the bottom 
on the inside, through which the w^ood pipe passed. A deflector iyes held 
by long bolts at a distance of 32 in. above the bottom. The winter 
escaped through an 8-in. pipe to the measuring box. 

Operation . — This installation was in operation between May 17 
and July 23, the lift ranging from 465 to 657 ft. The points of maximum 
capacity, operating capacity and efl5cient capacity are noted on Fig. 5. 
Table 4 gives the operating capacity at lifts increasing by approximately 
10-ft. intervals. Tables 5 and 6 record the results of special tests, which 
are also plotted in Fig. 6. 

The slightly larger diameter, together with the reduced friction on the 
sides of the wood pipe, increases the capacity to some extent over that 
of the 6-in. spiral-riveted pipe. The consumption of air per gallon of water 
was also diminished as compai'ed with that which would have obtained with 
the 6-in. spiral-riveted pipe. There were several leaks in the pipe which 
reduced the capacity and efliciency by probably not less than 5 per cent. 



Air-lift No. 3 

Delivery Pipe . — ^The delivery line ultimately consisted of 1050 ft. 
of wood pipe of 834-iii* diameter at the fOotpiece, increasing gradually to 
the discharge, where it was 123^-m. diameter. The staves were 1 in. 
thick and the joints 2% in. long. The outside of each joint was first 
coated with tar, then wrapped with about 10 ft. of canvas, 5 in. wide, 
and then close wrapped with No. 16 annealed iron wire, covering the 
entire canvas. At the beginning, the length of pipe was 765 ft. and 
required 534 days for installation. 

Air Pipe . — This consisted of two parallel lines, 400 ft. long, of 3-in. 
and 434 -in. casing, extending from the footpiece to the carrier; above this 
point these pipes were connected to a 6-in. spiral-riveted pipe, 520 ft. 
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long, and then reduced to 5-in. spiral-riveted pipe which reached to the 
collar of the shaft, a further distance of 100 feet. 

Footpiece . — The footpiece was made at Charcas, and consisted of an 
inner casing pipe, 8-in. diameter, in which were bored four rows of 14 
holes each, the diameter of the holes being in. Air was introduced 
into the footpiece by suitable connections through a 10-in. extra-heavy 
pipe fitted outside the 8-in. pipe, as shown in Fig. 7. A Talbot 8-in. 
footpiece collapsed at the beginning of operations. 

Headpiece , — ^This was practically identical with the one used for No. 
2 lift. 


Table 7. — Air-lift No. 3 


{ 

Lift, Feet | 

! 

Submer- 

gence, 

Feet 

Total Length 
of Pipe, 
Feet 

Per Cent. 
Submer- 
gence 

Operating 

Capacity, 

Gallons! 

Cubic Feet 
Air per 
Gallon 

548 1 

230 

778 j 

29.5 

900 


556 

223 

779 1 

28.6 

800 

2.32 

568 

225 

793 

28.4 

750 

! 1.90 

579 

244 

823 

29.7 

800 

1.83 

590 

255 

845 

I 30.2 

750 

1.97 

602 

250 

852 

29.3 

800 

1.83 

613 

247 

860 

28.5 

800 

1.80 

623 

248 

871 

> 28.2 

750 

1.91 

632 

250 

882 

28.4 

750 

1.98 

646 

251 

897 

27.9 

700 

2.07 

657 

241 

898 

26.9 

700 

2.04 

669 

258 

927 

27.9 

700 

2.05 

679 

248 

927 1 

26.7 

700 

2.05 

690 

237 

927 1 

25.6 

700 

2.03 

700 

257 

967 

26.9 

480 

2.92 

710 

247 

957 

25.8 

470 

Od'Z 

• 718 

253 

971 

26.1 

475 

06*2 

729 

258 

987 

26.1 

475 

2.96 

740 

247 

987 

25.1 

475 

2.99 

751 

266 

1017 

26.1 

375 

3.09 

761 

256 

1017 

25.2 

455 

3.08 

764 

253 

1017 

24.9 

600 

3.09 

774 

242 

1016 1 

23.9 

630 

3.42 

784 

233 

1017 

22.9 

640 

3.40 

795 

222 

1017 

21.9 

600 

3.40 

804 

220 

1024 

21.5 

590 

3.41 

813 

218 

1031 

21.1 

630 

3.42 

824 

207 

1031 

20.1 

445 

4.86 

832 

199 

1031 

19.2 

447 

4.87 

843 

188 

1031 

18.3 

443 

4.87 


Operation . — ^This installation operated from Aug. 19 until Oct. 6, 
with lifts ranging from 548 to 843 ft,, and capacities of from 900 gal. 
at 548 ft. to 443 gal. at 843 ft. A test was made at the beginning, before 
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one of the compressors broke down, allowing sufficient air to enter the foot- 
piece to produce a continuous flow. During this test the lift was 548 ft., 
submergence 230 ft., air 3325 cu. ft. per min. (altitude of 7250 ft.), 
and flow of water 1100 gal. per minute. After one of the compressors 
broke down, there was insufficient air to produce a continuous discharge, 
and the lift operated in pulsations of 50 to 60 sec. 

Table 7 gives the operating capacity of No. 3 air-lift, at approximately 
10-ft. intervals. Owing to the irregular operation, it was impossible to 
obtain close measurements of the flow of water, and therefore tests were 
not made as for the previous installation. Moreover, there was insuffi- 
cient air to carry the tests to a proper conclusion. The second compres- 
sor was repairfed and placed in operation when the lift reached 774 ft., 
thus accounting for the increased discharge at that point. A test, 
using both compressors, is plotted in Fig. 8. 



Fia. 8. — Record of a test of air-mft No. 3. 

Air-lift No. 4 

Delivery Pipe . — The completed line consisted of 270 ft. each of 7-in., 
8-in., 9-in. and 10-in. ■ spiral-riveted pipe, with appropriate reducers, 
each 23J^ in. long. Inside the headpiece was a 10-in. nipple, 26 in. 
long, making the total length of the delivery line 1090 ft. Installing 
the pipeline, with an origiaal length of 1030 ft., required 2 days. 

Air Line . — ^This consisted of parallel 3-in. and casing from the 

footpiece to the carrier, 365 ft., and 500 ft. of 6-in. spiral-riveted pipe 
above the carrier, followed by 200 ft. of 5-in. spiral-riveted pipe to the 
shaft collar. 

Footpiece . — The footpiece was of the same design as used with the 
No. 3 installation. The headpiece, also, was practically identical with 
that used for No. 2 installation. 
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Operation . — This air-lift was in operation from Oct. 10 to Jan. 6, 
the lift ranging from 812 to 1072 ft., and the operating capacity from 465 
gal. at the former to 65 gal. per min. at the latter distance. The latter 
submergence was only 18 ft. A steady flow was obtained from the first 
and continued throughout. 

Table 8 shows the operating capacity of this air-Kft at intervals of 
approximately 10 ft. Since it was operated close to the point where 
pulsations would begin, it is probable that the operating capacity was 
close to the efficient capacity. 


Table 8 . — Air-lift No. 4 


Lift, 

Feet 

Submergence, 

Feet 

Total Length 
Pipe, Feet 

Per Cent. Sub- 
mergence 

operating 
Cap., Gal. 

Cu. Ft. Air 
Per GaL 

defining 
Efficiency, 
Per Cent. 

812 

218 

1030 

21.2 

465 

4.38 

36.3 

820 

210 

1030 

20.4 

475 

4.67 

35.4 

830 

215 

1045 

20.6 

462 

4.43 

36.8 

839 

221 

1060 

20.8 

445 

4.56 

38.4 

849 

226 

1075 

21.0 

335 

4.25 

38.8 

859 

231 

1090 

21.2 

455 

4.59 

36.0 

872 

218 

1090 

19.9 

465 

4.70 

36.4 

884 

206 

1090 

18.9 

440 

4.85 

38.8 

891 

199 

1090 

18.2 

320 

5.56 

33,0 

902 

188 

1090 

17.3 

380 

5.70 

33.3 

909 

181 

1090 

16.6 

350 

6.13 

31.3 

919 

171 

1090 

15.6 

325 

6.66 

30.2 

929 

161 

1090 

14.8 

300 

6.74 

31.2 

939 

151 

1090 

13.8 

255 

7.15 

30.8 

949 

141 

1090 • 

12.9 

270 

7.90 

29.1 

959 

131 

1090 

12.0 

222 

8.75 

i 27.3 

969 

121 

1090 

11.1 

206 

10.12 

26.6 

980 

110 

1090 

10.1 

152 

13.09 1 

20.5 

992 

98 

1090 

9.0 

135 

14.65 

19.5 

1001 

89 

1090 

8.1 

130 

15.65 

19.4 

1009 

81 

1090 

7.4 

125 

15.92 

20.50 

1021 

’69 

1090 

6.3 

125 

16.45 

22.25 

1031 

59 

1090 

5.4 ! 



23.6 

1041 

49 

1090 

4.5 ' 

102 

20.24 

26.8 

1050 

40 

1090 

3.7 

110 

19.80 

29.0 

1060 

30 

1090 

2.8 

123 

22.00 

30.7 

1070 

20 

1099 

1.8 

67 

29.68 



Table 9. — Tests on Air-lift No, 4 


No. 

lift,' 1 
Feet 

Submei> 

gence. 

Feet 

Total 
Length 
Kpe, 
Feet i 

Per Cent. 
Submer- 
gence 

Cap. at 
Max. 

Cu. Ft. 
Air at 
Max. 
Effi. 

Maxi- 
mum Ca- 
pacity 

Cu. Ft. 1 
Air at 1 
Max. 
Cap. 

1 Pomp, 
Efifi. at 
Max. 
Effi. 

Pump. 
Effi. at 
Max. 
Cap. 

1 

846 

214 

1060 

19.9 

425 

4.47 



40.0 


2 

949 

141 

1090 

12.9 

246 

7.76 



29.5 

20.0 


3 

1001 

. 89 

1090 

7.9 

153 

14.90 

i 
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Tables 9 and 10 and Fig. 9 give the results of two tests with this 
installation. With test No. 1, there was insufficient air to carry the test 
to the maximum capacity of the discharge pipe. 


Table 10. — TesU on Air-lift No, 4 



1 

1 2 

i 3 

Submergence (s) 

i 214 

141 

89 

lift (0 

i 846 

949 

1001 

Ratio ^ 

, 25.3 

14.9 

8.9 

Gal. water per min 

1 425 

246 

153 

Total cu ft. free air at 7250 ft 

1 2409 

2431 

2896 

Total cu. ft. free air at sea level 

1900 

1910 

2280 

Cu. ft. air per gal, (sea level) 

4.47 

7.76 

14.90 

Per cent, pumping efficiency 

40.0 

29.5 

20.00 

Velocity water at footpiece 

3.5 

2.0 


Velocity water at discharge 

1.7 

1.0 


Velocity air at footpiece 

16.2 

23.6 


Velocity air at discharge 

73.8 

74.5 


Pressure of air at submergence 

93 

1 61 


„ 8— subpressure 

Ratio ^ 

22.2 

12.1 

6.7 

Per cent, submergence 

19.9 

12.9 

7.9. 

Velocity mixture at footpiece 

19.7 

25.6 


Velocity mixture at discharge 

Maximum capacity 

Cu. ft. air per gal. at max. cap 

75.5 

75.5 


Sq. ft. of pipe, inside surface 

Pumping effic. at max. cap 

2427 

2427 

2427 



Fig. 9. — Cubves based on data of Table 10. 
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San Fernando Air-lift 

Delivery Pipe . — The water delivery pipe consisted ultimately of 
a 6-in. nipple 3 ft. long at the footpiece, a reducer, 6 to 5-m., 23 in. long, 
560 ft. of 5-in. spiral-riveted pipe, a 5-in. nipple 14 in. long below the 
headpiece, and a 5-in. nipple 24 in. long inside the headpiece, making a 
total length of 568 ft. 

Air Pipe . — This was 3-in. standard pipe, connected through flexible 
joints to a 3-in. line 1500 ft. in length. 

Footpiece . — The footpiece was an Ingersoll-Rand 6-in. ^'Imperial, 
with air admission for a IJ^-in. pipe. It was 7 ft. long, the inside pipe 
being 63-^-in. diameter to the throat, where it was 6-in. diameter; the 
outside pipe was S^^-in. diameter. 

The headpiece and the carrier were similar to those used with Tiro 
General No. 1. 


Table 11. — San Fernando Air-lift 


Lift, Feet 

Submergence, 

Feet 

Total Length 
Pipe, Feet 

Per Cent. Sub- 
mergence 

Operating Cap., 
Gal. 

213 

197 

1 

1 410 

48.0 

250 

221 

195 

I 416 

46.8 

300 

230 

204 

434 

47.1 

229 

239 

205 

444 

46.4 

270 

250 

204 

464 

44.8 

265 

259 

214 

473 

45.1 

270 

271 

203 

474 

43.2 

260 

282 

202 

484 

41.7 

257 

290 

204 

494 

41.3 

245 

304 

199 

503 

39.7 

233 

322 

211 

533 

39.6 

225 

329 

203 

532 

38.3 

220 

351 

211 

562 

37.6 

211 

368 

204 

572 

35.8 

190 

379 

186 

565 

33.7 

160 

392 

1 180 

572 

31.4 

155 

402 

170 

572 

29.8 

135 

409 

163 

572 

28.6 

125 

419 

153 

572 

26.6 

105 

432 

141 

573 

24.6 

80 

438 

134 

572 

23.4 

70 


Measuring Box . — This was a steel tank 8 ft. 6 in. long, 3 ft. 2 in. wide, 
and 3 ft. 8 in. deep, provided with a 90® V-notch weir and with baffles 
fco insure a quiet overflow. Below the discharge, a cylindrical tank 31 in. 
diameter and 8 ft. 6 in. long was placed in order to check the weir meas- 
urements. A Sanborn automatic recording water gage was connected 
with the measuring box and continuous records were kept 
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Table 12 * — Tests on San Fernando Lift 


No. 

Lift, 

Feet 

Submer- 

gence, 

Feet 

Total 

Length 

Pipe 

Per Cent. 
Submer- 
gence 

Cap. at 
Max. 
Effi. 

Cu. Ft. 
Air at 
Max.Effi. 

Maxi- 
mum Ca- 
pacity 

Cu. Ft. 
Air at 
Max. 
Cap. 

Pump. 
Effi. at 
Max. 
Effi. 

Pump. 
Effi. at 
Max. 
Cap. 

fl 

239 

214 

453 

47 

278 

1.14 

330 

1.50 

41.7 

32.0 

2 i 

280 

214 i 

^ 494 

43 

237 

1.60 , 

294 

1 2.35 

34.7 

23.4 

3 

340 

^ 212 : 

i 652 

1 38 

194 

1.89 

' 246 ' 

1 2.33 ! 

35.7 

29.2 

i 

372 i 

200 ! 

1 572 

i 35 

166 

2.43 

192 

i 2.75 1 

30.9 

27.6 

5 

406 i 

1 166 

572 

I 28 

96 1 

1 2.7 

i 125 

i 3.93 

! 1 

33.6 

23.2 


Table 13 . — Tests on San Fernando Air4ift 


i 

1 

2 

3 

4 

5 

Submergence (ft.) $ 

214 

214 . 

212 

200 

166 

Lift (ft.) r 

239 

280 

341 

372 

406 

Ratio ^ 

90.0 

84.0 

62.0 

54.0 

45.0 

GaL of water per min 

278 

237 

194 

166 

96 

Total cu. ft, free air (7250 ft.) 

403 

481 

466 

512 

331 

Total cu ft. free air (sea level) 

317 

379 

366 

403 

260 

Cu. ft. per gal. (sea level) 

1.14 

1.60 

1.89 

2.43 

2.71 

Per cent, pumping efficiency 

41.7 

34.7 

35.7 

30.9 

33.6 

Velocity per second water footpiece 

4.5 

3.9 

3.2 

2.7 

1.6 

Velocity per second water headpiece 

4.6 

3.9 

3.2 

2.7 

1.6 

Velocity per second air footpiece 

5.3 

8.3 

6.2 

7.1' 

5.4 

Velocity per second air headpiece 

49 

59 

57 

63 

40 

Velocity per second mixture footpiece. — 

9.8 

10.2 

9.4 

9.8 

7.0 

Velocity per second mixture headpiece 

64 

63 

60 

66 

42 

Air pressure (submergence) 

93 

93 

92 

87 

72 

Per cent, submergence 

47*. 0 

43.0 

38.0 

35.0 

24.7. 

Maximum gal. per min 

330 

294 

246 

192 

125 

Cu, ft. per gal,, max, cap.. 

1.50 

2.35 

2.33 

2,75 

3.93 

Pumping effic. at max. cap. 

32.0 

23.4 

29.2 

27.6 

23.2 

Sq. ft. pipe surface (inside) 

604 

660 

736 

764 

764 



Fig. 10, — CuBYBS based on data op Table 13. 
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Operation, — This air-lift was in operation from March 19 to May 9, 
during which period the lift ranged from 205 to 438 ft., and operating 
capacity decreased from 300 to 70 gal. per min. With a lift of 439 ft. 
and submergence of 134 ft. this air-lift would operate only in pulsations, 
and it was therefore taken out of commission. The submergence could 
not be increased, owing to an obstruction in the shaft. 

In practice it was found that if an excessive amount of air were ad- 
mitted to the footpiece, a large proportion would escape below the bot- 
tom of the footpiece, due to the fact that the air-admission holes were too 
small and too few in number. This caused the curves shown in Fig. 10 
to flatten very quickly at the upper end. 

Table 11 shows the operating capacity of this air-lift at approximately 
10-ft. intervals. Tables 12 and 13 and Fig. 10 show the results of tests 
at various stages of lift. The results confirmed those obtained with 
Tiro General No. 1 and 2, and indicated that this equipment was un- 
suited for lifts of over 400 ft. unless a submergence of more than 200 to 
250 ft. could be obtained. 

Capacity op Delivery Pipe 

Our work at the Tiro General mine has led toward certain tentative 
conclusions as regards the capacity of water-delivery pipes used in air- 
lifts. The capacity of pipes wiU vary with four factors : The diameter 
(or area) of the pipe; the submergence; the lift; and the quantity of air 
admitted to the footpiece. 

. Diameter . — The capacities of water columns at zero lift -and given 
submergence vary directly as the area of the pipe. As the lift increases, 
the difference in capacities between pipes of different diameters remains 
constant. From our experiments it would appear that the most eflSi- 
cient capacity of a pipe with submergence of 215 ft. is approximately 
25 gal. per sq. in. of area per min. Fig. 11 gives graphically the most 
eflicient capacity of pipes of various diameters, assuming a constant 
submergence of 215 feet. 

Since the No. 3 and No. 4 air-lifts used water columns of varying 
diameter, it was not possible to make close comparisons of these with the 
5-in., 6-in. and 6^-in. air-lifts. However, rough comparisons appear 
to indicate that the capacity of a water column of varying diameter is 
equal approximately to the capacity of a pipe having an area of 85 per 
cent, of the average area of the var3ring column. 

Submergence . — ^The capacity of a pipe of given diameter, at constant 
lift, will vary with the submergence, within certain limits. By referring 
to the curves in Fig. 5, it will be seen that where there is a considerable 
increase in submergence, the capacity of the pipe increases. Experiments 
tended to indicate that if equal lengths be added to the submergence and 
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to the lift, the capacity would remain practically constant; however, the 
range covered by these observations was too hinited to draw any positive 
conclusions. 

lAfi . — ^The capacities of the water columns employed, corresponding 
to variations in lift of approximately 10 ft., are given in Tables 1, 4, 7, 8 
and 11. With a water column of given diameter and submergence, it is 
seen that the capacity, whether it be the efficient capacity, operating 
capacity, or ma ximum capacity, varies inversely with the lift. The 
curves in Figs. 4 and 5 illustrate this point very clearly. 


'1 



Quantity of Air . — The quantity of air admitted to the footpiece affects 
the capacity of a water column of given diameter, lift, and submergence; 
within certain limits there is a point where Uo discharge of water will 
result. If the air is further increased, the quantity of water wiU increase 
until a limit is reached, beyond which no increase in water will result, 
however great the quantity of air; this we have termed the point of 
maximum capacity. This is shown in Figs. 4, 6 and 10. 

Experiment was made with No. 3 air-lift, at a time when the lift was 
840 ft. and the submergence 192 ft., by admitting air up to 1260 cu. ft. 
of free air per min., up to which point there was no flow of water. Admis- 
sion of a greater quantity of air caused water to discharge, which increased 
as indicated in Fig. 8. This lift continued to operate in pulsations, and 
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it was impossible to secure a steady flow with the greatest quantity of air 
admitted, that is, up to 3000 cu. ft. per minute. 

A similar experiment was made with No. 4, having submergence of 
200 ft. and lift of 840 ft. ; no flow of water resulted with air up to 950 cu. 
ft. free air. Beyond that point, the water issued in pulsations until 2700 
cu. ft. of air was admitted, when it became steady. These results are 
plotted in Fig. 9. The cmves in Figs. 4, 6 and 10 indicate clearly the 
points at which the maximum capacities were reached with 5-in., 6-in. 
and 6%-in. water delivery pipes. 

It would be impracticable to keep compressors operating at all times 
at such speed as to maintain a flow of water at the exact point of maxi- 
mum efficiency, especially where the lift and submergence are constantly 
changing, as in unwatering a mine. Moreover, the rapid lowering of the 
water level is usually of more importance than decreased efiiciency. 
However, if the installation is well designed, it is probable that the capac- 
ity can be maintained within a reasonable distance of the most eflxcient 
capacity. 


Quantity of Air CoNSUiiiED 

The quantity of air, on sea-level basis, actually consmned per gallon 
of water raised at the Tiro General mine at the various stages of lift is 
noted in Tables 1, 2, 4, 5, 7, 8, and 12. It will be seen that the 
quantity of free air consumed per gallon of water raised is considerably 
greater during daily operation than when pumping at highest eflSciency, 
as shown in the various tests. It was desired to unwater the mine as 
quickly as possible; hence Nos. 1 and 2 and the San Fernando air-lift 
were run at a capacity greater than the eflBlcient capacity of the water 
delivery line. 

Conditions vary so widely between lifts of 140 and 900 ft. that it 
would be diflBlcult to design an air-lift that would operate at highest eflBl- 
ciency at all stages of the lift. However, for the conditions of lift noted, 
where the capacity of the compressors was limited to 3000 cu. ft. of free 
air, No. 4 air-lift was probably as nearly the most eflflcient design as 
could be secured. Fig. 12 shows the relations between the lift and the 
quantity of free air required per gallon of water for air-lifts Nos. 1, 2 
and 4. 


Theoretical Quantity op Air Required 

The work done by air in expanding follows the equation W = PdV, 
which, when integrated becomes: 

p. 

IF = PsFj Napierian log 

Jr^ 
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in which Pi = greatest pressure jPj = least pressure; Vi = least volume; 
and Vi = greatest volume. 

Let Pi = absolute pressure at which air enters footpiece; 

Pj = absolute pressure at which air leaves headpiece or water 
discharge; 



Fig. 12. — ^Air consimption pee gallon op water. 


Vi = volume of 1 cu. ft. free air at footpiece, when compressed 
to pressure of Pi lb, ; 

Fj = volume of 1 cu, ft. free air; 

L — lift, in feet, to which water is raised; 
iS = submergence, in feet. 

Since the weight of water is so great in comparison with that of the 
air consumed, the expansion can be considered as isothermal. It wiU 
be also assumed that Pj = air at atmospheric pressure. 
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The work, in foot-pounds, performed by 1 cu. ft. of free air at a pres- 
sure of Pi lb., in expanding from volume Vi to 7a, is, therefore, 

W = 144Pa72log,fi 

Disregarding friction and losses, the work performed in raising 1 gal. 
of water L ft. is 8.35 X L ft.-lb. If X = cubic feet of free air, at sea level, 
required to raise 1 gal. of water L ft., where the submergence is S ft., and 
where Pi is the pressure required to balance S ft. of water, 

X (l44 PaFa log. ^ = 8.35 X L, or 
8.35 XL 0.058 XL L 

^ P ~ P P 

144 Pa7a log. g Pa7a log. g 254 log. g 

From this formula. Table 14 has been calculated, giving the number of 
cubic feet of free air, at sea level, theoretically necessary to raise 1 gal. 
of water through a lift of L ft., with a submergence of S ft., where all 
losses are neglected. The two lines of figures at the head of the table are 
respectively the submergence, in feet, and the corresponding hydro- 
static pressure, in pounds per square inch. If the lift, the submergence, 
and the cubic feet of free air consumed by a given installation are known, 
its eflSciency can readily be computed by comparing with the theoretical 
quantity of free air required, as given in Table 14. In order to develop 
a formula that will include all the known factors that enter into the 
work that is being done, let: 

17 = energy, in foot-pounds, in 1 cu. ft. free air compressed to pres- 
sure necessary to overcome submergence, assuming isothermal 
expansion; 

X = cubic feet of free air required to raise 1 gal. of water L ft., 
with submergence of S ft.; 

W„ = work in raising 1 gal. of water L ft., or 8.35 X L; 

L„ = loss due to friction of water in water pipe; 

La = loss due to friction of air in water pipe; 

L, = loss due to slippage of water in Water pipe, also other unknown 
losses; 

17a = loss of energy in air at discharge. 

ThenXTT = (17„ -f L„ -|- L„ -1- L, -f T7a) or 
_ r(8.35 X L -j- Lit + Lo.-f- L, -4- 17o) 

^ “ L 17 

In this formula, the factors L, 17, and 17o are determinable by obser- 
vation or by computation. No data exist for determining L„, L®, or 
(L„ La), but we win tentatively assume these, as being the stun of the 
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combined losses from the two sources when computed separately. No 
data exist for determining and until more is known of this factor it will 
be assumed that this accounts for all losses not previously included, which 
losses may be taken as a percentage of the work done under various 
conditions. 

A gage, connected for several weeks close to the water discharge of an 
air-lift, showed a pressure occasionally rising to 5 lb. but normally zero. 
For all practical purposes, this factor can therefore be neglected. 

A formula that has been employed as a basis for air consumption is 
developed as follows: 

Let S’ - number of feet of submergence; 

L = number of feet of lift; 

P 2 = pressure of air at discharge, that is, atmospheric pressure; 

V = number of cubic feet of air necessary to be admitted to foot- 

piece, under absolute pressure equivalent to S feet of submer- 
gence plus atmospheric pressure, necessary to discharge 1 cu. 
ft. of water; 

V = number of cubic feet of free air equivalent to v. 

li the weight of v cu. ft. of air is neglected, the specific gravity of 1 cu. 
ft. of water and v cu. ft. of air will be: 1-^ (1 + v). 

The pressure of the mixture in the delivery pipe corresponds to 
S ft. of water + P 2 at the footpiece, and P 2 at the discharge. Between 
the footpiece and the discharge, the pressure per square foot, at any 
point Xj will be equal to the weight of a column of the mixture having 
a cross section of 1 sq. ft. and a height extending from x to the dis- 
charge, plus atmospheric pressure. 

Let X = lift, in feet, between the point x and the discharge; 
wLie = weight of column of mixture, measured in feet of water. 


Then 


iT 


wdx 

1 + Vx* 


Differentiating for voL^, we have, 


wdLx 


wdx 

1 + Vx^ 


or dLx 


dx 

1 -b Vx 


or dx = dLx (1 + Vx) 


Since VxiV = {x + : {Lx + Pg) 

' v(S + P2) 
(L. + Pa) 

Substitulang for we have 


, „ r., > t'(s+P2)i jr , JT r«(<s+P2)i 

dx = dL,[l + - dL. + + Pa) J 


Therefore a: = L* + v{S + Pa) log, (L* + Ps) + c 
and c = X — Ls — v(S + Pa) log, (La + Pa)* 

When » = c, L, = 0; and when x = S + L, Lx = S 
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therefore 


S + L = 5 + K-S + P2) -) 

L^viS + Pi)log.(^-^) 


iS + Pi) log, /S + P\. 


m' 


a)(-S + P2) L 

~ Pi ~ P^^Oge ^8 +Pi'^ 


Assuming Pi at sea level, 


34 log, (8 4- 34' 


(IS + 34\ 
\ 34 ) 


Since 1 cu. ft. contains 7.48 gal., 
„ V 


7.48 “ 255Jlog, /S + 34' 


/S + 34'. 
V 34 / 


This equation gives the theoretical quantity of free air required 
at sea level, to raise 1 gal. of water L ft., the results being the same as 
those from equation 1. 

A formula employed for actual operations by the IngersoU-Rand Co., 
suggested in part by E. A. Rix, is as follows (using symbols as previously) : 

^°^-^[^CXlog^ S + 34 ^ ■ (4) 


where (7 is a factor depending on the lift, as follows: 


Lift in Febt] 

c 

10 to 60 

245 

61 to 200 

233 

201 to 500 

216 

501 to 650 

185 

651 to 750 

156 


The following formula, used by the SqUivan Machinery Co., is taken 
from Peele’s “Mining Engineers’ Handbook.” 

^ ~ 292.6 log'^ ^f + 34 ^ (5) 

It win be seen that equation 5 is probably derived from equation 3- 
A table is given in Peele’s Handbook, based on equation 5, which assumes 
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an efficiency of 50 per cent, in actual operation. This relation wil 
evident when comparing with equation 3. 

A formula employed by Frank Richards, in which a factor is in 
dueed, which varies with the lift, according to observed results, is gi 
as follows: 

C /log S + 34\ 

\ 34 / 

where C is as follows: 


Lift, Feet 

a 

Lift, Feet 

0 

100 

245 

550 

194.5 

150 

240 

600 

189 

200 

235 

650 

184 5 

250 

228.5 

700 

178 

300 

222 

750 

172.5 

350 

216.5 

800 

167 

400 

211 

850 

161.5 

450 

205.5 

900 

156 

500 

200 

1000 

143 


Table 15. — Cubic Feet of Free Air, at Sea Level, Required to Raii 
Gal. of Water (Frank Richards) 

Per Ceat. Submergence 


Feet 

1 

25 

1 

30 

j 35 

j 40 

45 

50 

56 

60 

65 


20 

1 

1 




j 

1 

0.39 

0.33 

0.29 

0.25 

C 

30 





0.50 

0.43 

0.37 

0.32 

1 0.28 

c 

40 

i 




^ 0.54 

0.47 

0.41 

1 0.36 

0.32 

c 

50 





0.58 

0.51 

0.45 

0.40 

0.34 

c 

60 1 




0.73 

0.62 

0.55 

0.48 

; 0.43 

0,38 

c 

80 1 




0.78 

0.69 

0.62 

0.55 

i 0.49 

0.44 

c 

100 




0.86 

0.76 

0 . 68 ’ 

0.62 

1 0.56 

! 0.50 


125 




0.95 

0.86 

0.77 

0.70 

1 0.63 

0,58 


150 


1 


1.05 

0.93 

0.85 

0.77 

0.71 



175 



1.28 

1.14 

1.03 

0.93 

0.85 

1 0.78 



200 



1.37 

1.23 

1.11 

1.02 

0.93 

1 



250 



1.57 

1.42 

1.30 

1.18 i 

1.09 




300 



1.78 

1.60 

1.47 

1.36 





350 



1.97 1 

1.81 

1.65 

1.53 





400 



2.19 

2.00 

1.84 

1.70 





450 


2.66 

2.40 

2.21 

2.06 

1.90 





500 

3.25 

2.86 

2.66 

2.42 

2.24 






550 1 

3.52 

3.15 

2.88 

2.64 

1 2.45 






600 1 

3.76 

3.36 

3.10 

2.88 

2.68 






650 i 

4.08 

3.67 

3\36 

3.12 

2.90 

I 





700 

4.39 

3.95 

3.62 

3.37 

3.14 

i 

i 





750 1 

4.74 

4.28 

1 

3.96 

1 

3.64 

I i 




■ j 
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Equation 5 approximated the results obtained with the first three 
air-lifts employed at the Tiro General mine more closely than any of the 
other formulas given; the observed air consumptions were from 5 to 
10 per cent, lower than those given by equation 5. 

Table 15, calculated from equation 5, gives the number of cubic feet 
of free air required to raise 1 gal. of water with given lifts and percent- 
ages of submergence. 

SuBMEEGENCE 

In a shaft of given depth, the submergence of any air-lift installation 
is limited, on the one hand, to the pressure obtainable at the compressor 
and, on the other hand, to the depth to which it is desired to lower the 
water. At most mines, the compressors are designed for about 100 lb. 
gage pressure, corresponding to approximately 230 ft. of submergence, 
disregarding the friction loss in the air pipe. This loss may become 
important if a large volume of air has to be transmitted to the footpiece 
through a pipe of small diameter. 

Ivens^ shows by test that, for a water-delivery pipe of 10 in. diameter 
and lift of 37 ft., the most eflicient submergence is 70 per cent. 

Our experience indicates that in unwatering a mine, where the lift is 
constantly increasing and submergence remaining practically constant, 
the curve showing the relation between gallons raised per minute and 
feet of lift will be practically a straight line, at approximately 50° to 
the abscissa, see Fig. 5. If the submergence is increased or decreased, 
the line will be raised or depressed. If, with every increase in the lift 
there is a corresponding increase in depth of submergence, it will be 
found that this line will be vertical or nearly so. Further experiments 
would be necessary to determine the percentage of increase in sub- 
mergence necessary to maintam the most' efficient pumping capacity 
where the lift is being 'increased. 

Eeeicibnct 

If there were no losses due to friction, slippage, and other unknown 
factors, the quantity of air, at sea level, required to raise 1 gal. of water 
would be those shown in Table 14, for given lift and submergence. The 
velocity of the air at the footpiece, in the tests made, varied from 2.4 
to 10.8 ft. per see., and on reaching the headpiece the velocity varied from 
25 ft. to 93 ft. per sec.; these velocities do not consider the air and water 
as mixed. The velocity of the mixture of air and water at the footpiece 
varied from 6.9 to 13.7 ft. per sec., and on reaching the headpiece it varied 
from 29 to 97 ft. per sec. There is a certain friction loss depending upon 
the velocity of the mixture and the inside area of the pipe, the exact 
mfluence of which is not known at present. It is probable that this loss 

* E. M. Ivens; “Pumping by Compressed Air, 120.” N. Y., 1914. Wiley. 
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is that of neither air nor water alone, and also that it increases as the square 
of the velocity. 

It is suggested by Prof. Elmo G. Harris that the loss due to slippage 
of the water below the ascending bubbles of air is a considerable loss; 
this is also an undetermined factor. 

There will be an apparent gain or loss in eflBiciency depending upon 
whether the water is at a higher or lower temperature than the air 
admitted to the footpieee; but this is probably a small factor since the 
air is probably cooled, while passing through the submerged air pipe, 
to a temperature closely approximating that of the water. 

Reference to Table 2 shows the pmnping efficiencies of the 5-in. 
air-lift to range from 42 to 30 per cent., the efficiency apparently de- 
creasing somewhat as the length of pipe line increases; the efficiency of 
the 6-in. air-lift (Table 5 ) ranges from 62 to 35 per cent., also decreasing 
as the length of pipe line increases; the efficiency of the 6^-in. air-lift 
(Table 12) ranges from 38.8 to 33 per cent., the decrease being too small 
and uncertain to warrant any deductions. The water measurements of 
No. 3 air-lift were too uncertain to permit definite calculation of efficiency, 
owing to the lift operating in pulsations, but, in general, the efficiency 
probably never fell below 35 per cent. At the beginning of operations 
with the No. 3 installation, the lift being 548 ft. and submergence 230 
ft., a continuous flow was obtained, with pumping efficiency of 44.2 
per cent. This would indicate that the efficiency of a pipe of large 
and gradually expanding diameter is greater than that of a pipe of small 
and uniform diameter. 

Our experience led to the conclusion that it is better to use efficiency 
percentages in direct connection with Table 14, rather than- tables in 
which are introduced certain factors as in equations 3, 4, 5 and 6. The 
percentage factors can be employed to cover all classes of air-lifts, since 
the efficiencies vary with the design, whereas equations 3, 4, 5 and 6 do 
not take into consideration any differences in design or in sizes of pipe. 

Our work has led us to adopt the following generalizations: 

1. The pumping efficiency of a given installation may decrease some- 
what as the lift increases while submergence remains constant, but should 
not decrease very greatly. 

2. If the submergence is decreased, the pumping efficiency will 
decrease. 

3. The pumping efficiency is somewhat higher in pipes of large diame- 
ter than in those of small diameter and is probably somewhat higher in 
pipes expanding upwards. 

In order to ascertain the point of maximum efficiency, tests were made 
beginning with admission of air just sufficient to start the water flowing, 
then enlarging this amount gradually until no further increase in flow of 
water could be obtained. Curves of these tests were tiien plotted, as 
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shown in Figs. 4, 6 and 10. If a straight line is drawn through the 
origin of coordinates, tangent to the curve, the point of maximum effi- 
ciency for the set of conditions involved in this curve will be located. 
It has been our experience that at this point the gage pressure, allowing 
for friction in the air line, is practically that necessary to balance the 
submergence. 

If the water level is gradually lowered while the depth of submergence 
remains practically constant, a periodical plotting of these curves will 
reveal the fact that the quantity of water that can be raised, whether at 
maximom efficient capacity, operating capacity, or maximum capacity, 
gradually diminishes. It is therefore important, in designing a lift for 
imwatering a mine, to make the pipe line of sufficient size to handle the 
desired quantity of water when approaching the final stage of unwatering. 

The efficiencies attained in air-lift pumping are not so high as those 
reached by centrifugal pumps, especially when the latter pumps are in 
good condition and working under proper head and at proper capacity; 
nevertheless we believe that the over-all efficiency of an air-lift will, in 
many cases, be found approximately equal to that of any form of pumping 
apparatus. Labor costs are reduced to a minimum; with the air-lift once 
properly installed, no labor is required except the engineer in the com- 
pressor plant. One very great advantage over all other forms of pump- 
ing apparatus is that the air-lift is in no danger of being drowned by a 
sudderdy increased flow of water. 

As air-lift pumping becomes better imderstood, it is quite likely that 
installations will be made in which 18 to 24-in. boreholes will be sunk at 
suitable points along the workings, with such depth as to provide sub- 
mergence that will result in the highest working efficiency. Connections 
with aH the levels in which there is a flow of water would then enable 
the air-lift to do the whole pumping from the mine. By locating such a 
hole close to where a shaft is being sunk in wet ground, the cost of shaft- 
sinking can be much reduced. The air-lift will show a much higher 
efficiency than a pump driven by compressed air; it is often foimd that 
considerable pumping" is done, in mines, by compressed air where it is not 
practicable to carry steam lines. 

In case of such a permanent installation, a bore hole could be driven 
which would suffice for all future requirements. One of 24-in. diameter 
to a depth of 1500 ft. would probably suffice to admit pipe sufficient to 
disdiai^ up to, 2000 gal. per min. with a lift of 1000 to 1200 ft. In 
making such an installation, in order to be certain of having a proper 
balance to insure the highest efficiency, careful study should be made to 
determine the proper compressor capacity, proper sizes of air and water 
pipes, and correct design of the water pipe. If the water is heavily 
ohaiged with acid, the water pipe shotdd be of wood wrapped with copper 
wire, and the air pipe should be of wood, copper or brass. 
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Opeeating Data at Tied Geneeal Mine 

Table 16 gives the principal data that were summed up daily, covering 
the operation of the air-lifts at the Tiro General mine. 

The first column gives the data covered by the set of observations. 
The second gives the water level in the shaft at 7 a.m. The third notes 
the distance that the water was lowered in the shaft; in a few instances 
the water arose above the point reached on the previous day, in which case 
the minus sign is used. The fourth column gives the total gallons pumped 
during the 24 hr. The fifth gives the cubic feet of air consumed (sea- 
level basis) per gallon of water raised; the volumetric eflficiency of the 
compressors was assxuned at 85 per cent., and the resulting volume was 
divided by 1.27 to reduce the volume from 7250-ft. altitude to sea-level 
basis. The seventh column gives the combined number of revolutions of 
the two compressors. The eighth gives the gallons of fuel oil consumed 
during the 24 hr., but this whole quantity was not used for pumping; 
hoists, shop machinery, etc. were driven by steam from the same boilers. 
The ninth column gives the average air pressure at the compressor, and 
the tenth gives the average steam pressmre for the 24 hr. The eleventh 
column gives the average feet of lift, and the twelfth the average feet 
of submergence for the 24 hr. Average number of gallons for the 24 
hr. is given in column 13; average percentage of submergence in column 
14; and pumping efficiency in column 15. 

Air-lift No. 1 was in operation alone between Feb. 10 and Feb. 28. 
Between Feb. 28 and May 9, the data refer to the Tiro General No. 1 and 
the San Fernando air-lifts combined. From May 19 to July 23, No. 2 
air-lift was operating alone; from Aug. 19 to Oct. 6, No. 3 alone; and from 
Oct. 9 to Jan. 6, No. 4 alone. 

Data on Othbe Aie-lifts 

Table 17 gives data compiled from various sources regarding the 
performance of several other air-lifts, and Fig. 13 indicates their 
design. They range from 2^‘^-in. to 13-in. diameter. In the light of the 
data obtained at the Tiro General mine, the following comments on these 
other air-lifts may be interesting. 

A, — This lift is composed of three sizes of pipe, beginning 

With 2yi in. at the footpiece and increasing to discharge, 

the effect of which has been to secure a pumping efficiency of from 25 to 
40 per cent., which is quite high considering that a small pipe was used 
for a lift of 600 ft. 

B, 2~in . — ^An efficiency of 31 per cent, for this air-lift, where the lift 
is only 75 ft. and subniergence is 53 ft., is rather low. Possibly an elbow 
was placed at the top of the pipe, thus preventing a free discharge. 

C, Z-in . — The efficiency of 47.1 per cent, is high, and is accoxmted 
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Table 17. — Data Pertaining to Air-lifts 


1 

1 

2 K" to ZM" j 

No. 1 i 

3" 

No. 1 

3 // 1 

to 

4" 

No. 2 

3'^ to iW' 

No. 3 

i^"i 

5 No. 1 
1 EU 

! 

i 3H" 

No. 3 

No. 3 
! EU 

^4 

No. 4 
EU 

Submergence, s, feet 

478 

53 

337 

478 

248 

205 

215 

Lift, Z, feet 

600 

75 

245 

600 

129 

115 

121 

^ ® 

Ratio— 

80% 

71% 

138% 

80% 

194% 

178% 

178% 

Gallons water per minute 

75 

119 

120 

117 to 160 

82.5 

120 

135 

Total cubic feet free air 

166 to 295 

93 

102 

354 to 565 

82 

74.4 

85 

Cubic feet per gallon 

2.21 to 3.53 ' 

0.78 1 

0.85 

2.21 to 3.53 1 

0.99 

0.62 

0.63 

Pumping efficiency, per cent 

i 39.7 to 25 ; 

. 31 1 

47.1 

39.7 to 25 i 

24.7 

37 

38 

Velocity water at footpiece 


i 5.3 1 

5.3 

5.3 to 7.3 

2.7 

4.0 

4.5 

Velocity water at headpiece 

Velocity air at footpiece 

Velocity air at headpiece 

5.0 to 2.5 

1 

5.3 : 
1 12.3 
31.6 

3.1 

3.1 

19.5 

2.4 to 3.2 

1 

2.7 

2.4 

20.6 

4.0 

2.6 

30.0 

4.6 

2.9 

33.7 

Pressure air at submergence 

Ratio* ~ 

6 i 

207 i 

1 

74 j 

23 

25 

146 

124 

207 

74 

1 108 

89 

93 

® * 1 

Submergence, per cent 

Velocity mixture at footpiece 

Velocity mixture at headpiece 

44.3 

41 .4 
17.6 
36.9 

57.9 

8.4 

22.6 

44.3 

65.8 

5.1 

64.0 

6.6 

64.0 

7.4 


4" 

No. 1 

4" 

No. 2 

4H" 

to 

6 " 

4H" 

to 

6 ^' 

6 " 1 
No. 1 

7W' 

to 

9H" 

8" 

to 

12" 

10 ^' 

10 " 

to 

12 " 

10 " 

to 

12 " 

10 " 

10 " 

10 " 

I 13" 

No. 1 
EU 

No. 2 

No. 1 

No. 2 

|No. 1 

No. 1 

N 0 .I 

Ell 

No.l 

! 

No. 2 1 

No. 3 

No. 4 

No. 5 

No. 6 
Ell 

No.l 

377.5 

595 

330 

343 

123 

203 

219 

652 

177 

188 

230 

140 

177.5 

168.2 

1135.5 

895 

243 

193 

133 

1 250 

161 

73.9 

200 

431 

360 

50 

47.5 

120.6 

31 

66 

136 

171 

92 

81 

136 

88 

86 

44 

64 

280 

380 

140 

32 

45.2 

! 350 

290 

207 

700 

441 

974 

1679 

1233 

750 

1750 

1496 

.1410 

573 

326 

287 

' 200 

329 1 

700 

316 

336 

1809 

3306 

1200 

756 

329 

513 

17.92 

7.21 

0.82 

0.69 

1.59 

1.00 

0.72 

0.345 

1.08 

2.68 

1.60 

4.32 

0.22 

0.364 

11.2 

17.6 

48.8 

46.4 

19.5 

50 

43 

50 

38.9 

34 

44 

1 28 

45 

72.3 

0.8 

1.2 

7.0 

5.8 

2.4 

5.5 

2.95 

4.0 

6.9 

5.0 

3.1 

7.1 

6.1 

3.4 

0.8 1 

1.2 

4.0 

3.3 

2.4 

3.2 

1.3 

4.0 

4.8 

3.5 

3.1 

7.1 

6.1 

3.4 



4.0 

2.7 

8.9 

6.8 

2.0 

3.6 

8.9 

15.3 

4.7 

4.4 

1.6 

1.56 

110.2 

62.7 

24.6 

17.1 1 

28.3 

23.5 

6,7 

10.3 

46 

84 

36.7 

23,2 

10.1 

9.3 

164 

258 

143 

149 1 

53 

88 

95 

27 

77 

82 

100 

61 

77 

73 







115 




1 


# 


24 .9 

39.9 

57,6 

64 

48 

45 

57.6 

46.7 

47 

30.4 

39 

73.6 

78.6 

57 6 



11.0 

8.5 

11.3 

11.3 

50 

7.6 

15 .8 

20.3 

7.8 

11.5 

7.7 

4.96 



28.5 



26.7 

8.0 

14.3 






12.7 


for by the deep submergence and by the expansion of the pipe toward 
the point of discharge. 

D, Z4n . — ^An efficiency of 25 to 40 per cent, is very good, considering 
the height to which the water is raised' through a 3-in. pipe. The ex- 
pansion of the pipe from 3 in. through 3^ in., 4 in., to 4^ in., has per- 
mitted a fair capacity to be obtained. 
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Fig. 13.‘ 


A — Lift, 600 ft.; submergence, 478 ft.; per cent, submergence, 44.3; cu. ft. 
FREE air, 2.21-3.53; gal. water, 75; per cent, efficiency, 39.7-25.0. 

B— Lift, 75 ft.; subm., 53 ft.; per cent, subm., 41.4; cu. ft. free air, 0.78; 
GAL. WATER, 119; PER CENT. EFF., 31. 

C — ^Lift, 245 FT.; subm., 337 ft.; per cent, subm., 57.9; cu. ft. free air, 0.85; 
GAL. WATER, 120; PER CENT. EFF., 47.1.^ 

D— Lift, 600 ft.; subm., 478 ft.; per cent, subm., 44.3; cu. ft. free air, 2.21- 
3.53; GAL. WATER, 117-160,* PER cent. EFF., 39.7-25.0; pressure, 207. 

E— Lift, 115 ft.; subm., 205 ft.; per cent, subm., 64; cu. ft. free air, 0.62; gal. 
WATER, 120; PER CENT. EFF., 37. 

F — Lift, 129 ft.; subm., 248 ft.; per cent, subm., 65.8; cu. ft. free air, 0.99; 
GAL- WATER, 82.5; PER CENT. EFF., 24.7, 

G — Lift, 1135.5; subm., 377.5; per cent, subm., 24.9; cu. ft. free air, 17.92; 

GAL. WATER, 32 ; PER CENT. EPF. , 1 1.2. 

H— Lift, 895; subm., 595; per cent, subm., 39.9; cu. ft. free air, 7.21; gal. 
WATER, 45.2; PER CENT. EPF., 17.5. 

I — ^Lift, 243; subm., 330; per cent, subm,, 57.6; cu. ft. free air, 0,82; gal. water, 
350; PER CENT. EFF,, 48.8; PRESSURE, 143. 

J — ItCFT, 193; SUBM., 343; per cent, subm., 64; cu.ft. free air, 0.69; gal. water, 
290; PER CENT. EPF, 46,4; pressure, 149. 

K— Lift, 133; subm., 123; per cent, subm., 48; cu. ft. free air, 1.59; gal. 
WATER, 207; PER CENT. EFF., 19.5. 

L— Lift, 250; subm., 203; per cent, subm., 45; cu. ft. free air, 1.00; gal. 
water, 700; PER CENT. EFF., 50. 

M — Lift, 161; subm., 219; per cent, subm., 57.6; cu. ft. free air, 0.72; gal. 
WATER, 441 ; PER CENT. EFF., 43. 

N— Lift, 73.9; subm., 65.2; per cent, subm., 46.7; cu. ft. free air, 0.345; gal. 
WATER, 974; PER cent. EFF., 50. 

O — Lift, 200; subm., 177; per cent, subm., 47; cu. ft. free air, 1.08; gal. 
water, 1679; PER CENT. EFF., 38.9; AIR PRESSURE, 80. 

r F— Lift> 431; s^ml, 188; per cent, subm., 30.4; cu. ft. free air, 2.68; gal. 
WATER, 1233; PER CENT. EPF., 34; AIR PRESSURE, 90. 

Q— Lift, 360; subm., 2^; per cent, subm., 39; cu. ft. free air, 1.60; gal. 
WATER, 750: PEE CENT. EFP., 44. 

R. — Iaft, subm., 140; per cent- subm., 73.6; cu. ft. free air, 0^423; gal. ^stater, 

47;5;lspi!iiL^;’l^,5|.Ti^''€®iT.--sxB».,'78.6;- Free air,: -^0.22; ’gal.- 

wa^^r,. ,1496; per cent, eff., .45. . " ■ , 

T— Left, 120.6; subm., 1^2; per cent, subm., 57.6; cu. ft. free air, 0.364; 
GAL. water, 1410; PER CENT. EFF., 72.3. 
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— ^The efficiency of 24.7 per cent, is low, considering such 
deep submergence. An elbow at the top of the delivery pipe probably 
decreased considerably the capacity and efficiency. This arrangement of 
pipe should raise at least 150 gal per min. to the height noted. 

F , — Efficiency of 37 per cent, is fair for this installation, es- 
pecially as an elbow was placed at the top of the delivery pipe. 

G, 4-itz. — The pumping efficiency is very low in this lift, and is 
explained by the fact that the diameter of the pipe was uniform 
throughout the great length of 1513 ft. This should have been increased 
probably to 8 in. by the time the top 'Was reached, to secure greater 
capacity and efficiency. 

H, — The efficiency of 17.5 per cent, in this installation is low, for 
the same reason giyen for the preceding lift. 

J, — Efficiency of this air-lift is high — 48.8 per cent. — and is 

explained by the increased diameter of the pipe toward the top. The 
submergence is probably somewhat greater than is necessary. 

J, — This installation, with an efficiency of 46.4 per cent., 
indicates a good design. Here again the submergence was probably 
greater than necessary. 

K, 6-m. — ^The efficiency is low at 19.5 per cent., and is difficult to 
explain unless it was operated greatly below its efficient capacity, or 
unless there was an elbow’ at the top to which was connected a consider- 
able length of pipe. 

Lf — This installation consisted of a gradually tapering wooden 

pipe, and it will be seen that excellent results were secured, although 
the capacity could have been raised to about 1200 gal. per minute with 
efficient results. The 50 per cent, efficiency, however, is very good. 

M, 8-m. — ^The efficiency of this air-lift is fair, but the sudden increase 
in diameter from 8 in. to 12 in. is too great to secure best results. An 
air-lift of 8 in. uniform diameter,* with this low lift, should secure an 
efficiency of over 60 per cent. It is doubtful whether any purpose is 
served in tapering a pipe where the lift is only 161 ft. This air-lift, with 
conditions as noted, should have a capacity of about 200U gal. per minute. 

i\r, 10-^7^. — ^The efficiency of 50 per cent, for this air-lift is fair, al- 
though it is no more than to be expected where the lift is only 74 feet. 

0, 10-iw,— The 38.9 per cent, efficiency of this lift, with conditions 
given, is only fair. A better design would be to insert a section of 11-in. 
pipe between the 10-in. and 12-in- sections. The efficient capacity under 
the conditions noted would be about 2100 gal. per minute. 

F, — ^The efficiency of 34 per cent, for this air-lift is fair, but 

better results would be obtained if arranged as suggested for the preceding 
ease. The efficiency capacity of this arrangement should be nearly 1900 
gal. per minute. 

Q, lO-iTir. — ^Efficiency of 44 per cent, is good with this pipe of uniform 
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diameter, under the conditions noted. Apparently it was operating at 
about one-half its eflS.cient capacity. 

j®, 10-m. — EflBciency of 28 per cent, is exceedingly low for this air-lift 
with its great submergence. It is possible that the lift was not operated 
at its efficient capacity, and possibly an elbow was connected at the top 
of the pipe, with long horizontal pipe attached. 

S, 10-zn. — Efficiency of 45 per cent, for this air-lift, at only 48 ft., is 
only fair. Better results could be secured by increasing the capacity 
200 to 300 gal. per minute. 

Tj 13 -in , — The efficiency of 72 per cent, for this air-lift is high, and 
in view of the fact that it was operating at only one-half its efficient 
capacity, it would appear as if there were some error in the data given. 

Acknowledgment is due to Mr. W, M. Drury, general manager 
of the Mexican Mining Department of the American Smelting & Refining 
Co. for support in carrying on this work and for permission to publish 
this paper; to Mr. M. B. Stewart for the design of carrier arrangements; 
and to Mr. W, W. Shelby, Jr., for assistance in compiling these data and 
making tests on the air-lifts employed. 

DISCUSSION 

Robert Peele,* New York, N. Y. (written discussionf) . — The air- 
lift was originaEy employed almost exclusively for raising water from 
wells or other sources of water supply; in recent years, it has been in- 
creasingly used for mine service. It is especially well adapted to the 
unwaterLng of flooded mines, as the apparatus is readily lowered to follow 
the changing water level; but it is suitable also for permanent installa- 
tions, instead of steam or electric-driven pumps. Perhaps the most 
important part of the paper is comprised in the descriptions of the opera- 
tion of air-lifts Nos. 3 and 4 and the results obtained therefrom, followed 
by the discussion of the different factors of air-lift work, leading to certain 
tentative conclusions respecting percentage of submergence, capacity of 
delivery pipes of different sizes, air and consumption. 

Heretofore it has been customary to make the submergence from, 
say, 50 to 60 per cent, of the Hft; occasionally, even 70 per cent, or more. 
The impression has therefore sometimes been received that these high 
percentages of submergence are essential to the operation of an air-lift. 
It must be remembered that there are several interrelated factors. The 
percentage of submergence is influenced by the height of lift, the air 
pressure at the foot-piece, and the air consumption per gallon of water 
raised. Upon a proper adjustment of these variables depends the effi- 
ciency, which may be put roughly at 30 per cent. — ranging from say 20 
to 38 per cent. 


* Professor of Minirg, Columbia University. 
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E. M. Ivens- states that ^^it is impracticable to pump at all under 20 
per cent, submergence.” He adds, p. 121, that ^'no set rules can be 
given as to what is proper submergence, and no formulas can be derived 
that will be even an approximate guide.” These, I think, are unwar- 
ranted assertions. 

The data obtained by Mr. Shaw from air-lifts Nos. 3 and 4 (Tables 
7 and 8), and his conclusions therefrom, show submergences ranging 
down. to even 1.8 per cent.; and, at 2.8 per cent., the pumping efficiency 
was 30.7 per cent., though at a high air consumption. These results were 
secured with lifts of over 1000 ft. Table 8 covers a range of. lift from 812 
to 1070 ft., with submergences of 21.2 per cent, and less. The fifth and 
sixth columns of this table show the corresponding reduction in volume 
of water raised (465 to 67 gal.), and the increase nf air consumed (4.38 
to 29.68 cu. ft. per gal.). 

Another interesting point brought out by Mr. Shawls tests is that 
the air-lift is applicable to greater heights of lift than any heretofore 
recorded, except that of example G, cited on p. 453. This installation 
gave the very low efficiency of 11.2 per cent., but it could undoubtedly 
have been improved by replacing the 4-in. delivery pipe of uniform di- 
ameter by a pipe increasing in diameter toward the top, as was done in 
the Charcas air-lifts Nos. 3 and 4. 

Since his paper was printed, Mr. Shaw has been preparing to extend 
the delivery line of air-lift No. 4 to a length of 1355 ft. In a letter 
dated Jan. 18, 1920, he states that he plans to operate this at a constant 
lift of 1070 ft., with 285 ft. (21 per cent.) submergence. The diameter of 
the delivery pipe will increase from the foot-piece to the point of dis- 
charge, being composed of five sections of about 270 ft. each, of 6-in., 
7-in., 8-in., 9-in., and 10-in. pipe. The use of this type of delivery pipe 
is imquestionably important in securing greater capacity and efficiency. 
Mr. Shaw plans to run his installation for a month or so, to obtain operat- 
ing data, and then to install a Prescott station-pump on the 1050-ft. 
level. Thus he will be able to make a direct comparison between the 
performances of steam and air-lift puinps. Under the conditions named, 
the efficiency of the air-lift would probably exceed 30 per cent., and it is 
doubtful if an ordinary steam pump could do better. 

Regarding air pressure, Mr. Shaw points out (in a letter dated Jan. 11) 
that the pressure at a foot-piece of good design must always closely 
approximate that which is necessary to overcome the submergence, and 
cannot rise appreciably higher. Any rise in air pressure would increase 
the volume of discharge. It follows that, in the absence of working 
data, pumping efficiencies can be computed on the basis of the expansion 
of the air between the foot-piece and the discharge point. Each cubic 


* ‘‘Pumping by Compressed Air,” 118 . 
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foot of free air admitted to the footpiece , under the pressm’e necessary 
to overcome the submergence, gives up an amount of energy in foot- 
pounds, in expanding to the discharge pressure, equal to 

Tf’ = PiVi Nap. log. 

X 2 

which is the formula for isothermal compression of air, where W is the 
theoretical power input at the footpiece. The loss of air pressure due to 
pipe friction is not large; it usually ranges from 2 to 5 per cent. 

The formula, at the bottom of p. 441, for computing the volume of air 
required, exhibits all the factors entering into the problem. There are 
no existing data for determining accurately the losses due to friction of 
water and air and to slippage in the delivery pipe. These factors can 
be computed, approximately, from the principles of the flow of air and 
water in pipes, but their actual values will have to be obtained experi- 
mentally, as recorded data on air-lift operation are accumulated. 

In carrying out the extensive series of tests made on the Charcas 
air-lifts, Mr. Shaw has had the unusual advantage of being able to vary 
the operating conditions within wide limits. He has proved that very 
small percentages of submergence are not only feasible, but are entirely 
consistent with the obtaining of reasonably good eificiencies. These 
results are particularly valuable in connection with mine pumping, be- 
cause, in installing air-lifts in shafts, it is often diflSicult to provide the 
large submergences that have usually been assumed to be necessary. 
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New Angles to the Apex Law 

BY JOHN A. SHELTON,* M. S., BUTTE, MONT. 

(Chicago Meeting, September, 1919) 

One of the heaviest burdens uselessly cast by our mineral land laws 
upon the holder of the title conveyed by a patent from the United States 
is due to the provision excepting known veins from land patented as 
placer. In many instances the expense of defending such titles from the 
assaults of the owners of lode locations made upon the theory that the 
veins so located were known to exist at the date of the placer application 
for patent has exceeded many times the value of the land in question. 
Neither the lapse of time, however long after the issuance of the patent, 
nor repeated adjudications by the courts serve to quiet such titles or to 
prevent them from being questioned. 

In the passage of laws providing for the acquisition of title to the 
mineral lands of the United States, Congress provided that the title 
to known veins should not pass from the United States by a patent based 
upon a placer location. As construed by the courts, the law (Sec. 2333 
R.S.U.S.) provides that the applicant for a patent upon a placer claim 
may, if any vein of sufficient value to justify the expenditure of money in 
its development is known by him to exist within the boundaries thereof, 
include in his patent application an application for patent upon the vein 
as a lode claim; and failure to do so is to be deemed a conclusive declara- 
tion that the applicant makes no claim to the vein nor to an area of sur- 
face ground extending for 26 ft. (7.6 m.) on each side of its middle or 
center. As to such vein and such area of enclosing surface ground under 
the circumstances stated, the title remains in the United States notwith- 
standing the issuance of a patent that purports to convey the entire 
surface of a described area and everything beneath it, excepting only the 
segments of veins the apices of which he outside of such area. Such 
known yeins with such area of enclosing surface ground are, of course, 
at any time, so long as they remain unlocated, subject to location and 
appropriation in the same manner as other veins upon the public 
domain. 

The history of the operation of this law in one district will serve to 
illustrate its effect generally throughout the mining regions of the United 
States. In the Butte district, the mineral that first attracted the atteur 


' * Attorney and Counsellor at Law. 



458 


NEW ANGLES TO THE APEX LAW 


tion of the miner was placer gold. The begir m i n g of quartz mining was a 
few years later. A few years after the discovery of mineral practically 
the whole district, embracing several square miles of territory, was cov- 
ered with mineral locations upon which patents were afterward issued. 
Roughly speaking, the low-lying land along Silver Bow Creek and its 
branches extending part way up the slope in the direction of the Butte 



Fig. 1. 


hill comprised the portion of the district within which the placer-mining 
operations were carried on. There the surface and subsurface for several 
feet generally consisted of loose earth and gravel or boulders in which was 
found the deposit of placer gold and beneath which was the solid forma- 
tion or bed-rock. As to that land covering about one-half of the dis- 
trict, the patents issued were placer patents or patents based upon placer 
loeatioiKS. While the apices erf the veins showed in the surface of bed- 
rock generally throughout the whole district, their existence m ground 
covered by placer wash could not have been known until bed-rock was 
exposed by the removal the placer wadi in the placer-mining operation 
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or otherwise. When discoYered in the early days they were not generally 
considered worthy of development. Frequently they did not contain 
mineral, on or near the surface, that could be profitably rained. Later 
development showed that many veins carrying little mineral at the sur- 
face were rich in copper at a depth, after which it became a practice in 
the district to sink on veins that had no showing of surface mineral, with 
the hope of discovering paying ore at a depth. As time went on, copper 
smelters were built and underground explorations were extended and it 
was proved that some of the veins in ground held under placer patents 
were of considerable value because of the facilities then existing for the 
treatment of ore of such character. This circumstance, coupled with 
the fact that the surface had in many instances been built upon and im- 
proved and had greatly increased in value, furnished the inducement to 
lode claimants to appropriate and obtain title to veins held under placer 
patents. The litigation resulting has been carried on more or less con- 
tinuously ever since and now, after a lapse of 40 years from the issuance 
of the placer patents, still continues. Since the title to all veins known to 
exist at the date of the placer application for patent remained in the 
United States, no statute of limitations would bar such suits; and as a 
judgment in one suit will only bind those who are parties to it or their 
privies, a judgment in favor of the placer owner in one suit does not pre- 
vent a new lode location by another party, and a new suit concerning it. 
The judgment in such cases in every instance rests chiefly, if not solely, 
upon the determination of a question of fact, namely, whether or not the 
vein in question was a vein known to exist; that is, whether or not it was 
known to exist by the applicant for placer patent at the date of his appli- 
cation and was under the then prevalent conditions of sufficient value to 
justify exploitation and development. In every case it was necessary to 
call those as witnesses who at the date of placer application possessed such 
knowledge of the groimd in question as qualified them to testify whether 
or not the vein was known to exist. Upon this point the testimony gen- 
erally consisted of either affirmative or negative statements «is to whether 
or not the vein outcropped on the natural surface of the ground or was 
exposed by the removal of the placer wash, so that its existence was 
known prior to the date of the placer application, and visible to the placer 
applicant, and whethelr if it was known, it was of such character that it 
would have justified exploitation and development under the conditions 
then existing. 

As might naturally be expected, those who were called as witnesses in 
any particular case were in direct conflict in their statements upon such 
questioiis. It is scarcely necessary to remark that in many instances 
the witnesses testifying were mistaken as to the matters concerning which 
they testified and, such is the weakness of human nature, in other cases 
their testimony appeared to be knowingly false. As the litigation con- 
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cerning such question was carried on those who were called as witnesses 
became divided into hostile camps. Partisanship was not confined 
to those testifying as witnesses. The sentiment in the community con- 
cerning the merits of such controversies was divided. Under such cir- 
cumstances it is not surprising that the outcome of such litigation was, in 
most cases, very uncertain. Occasionally different courts gave directly 
opposite decisions. To illustrate, a portion of one vein was involved in 
litigation in a case in the federal court and an adjacent portion of the 
same vein was involved in litigation in a state court. The two portions 
were covered by different lode locations, both included within the same 
placer patent. The testimony relied on in each case was substantially 
the same, but the decision in one case was in favor of the known existence 
of the vein at the date of the application for the placer patent and in 
the other case it was against such known existence. 

The importance of the stability of titles is recognized by everyone. 
It is needless to point out that if the title is uncertain, development of 
the property is in consequence discouraged, and as a large proportion 
of the titles acquired under the mineral laws of the United States are 
held under placer patents (so-called), the effect of such uncertainty of 
title in the sections of the country where such titles are held is very con- 
siderable and must necessarily materially retard the development of those 
sections. 

While what has been said about the importance of the stability of 
titles acquired and held under patents of the United States is everywhere 
recognized, it is also true, probably, that a large proportion of the people 
are not conscious of the extent to which the prosperity of the community 
may be unfavorably affected by such uncertainty of titles. We may gain 
a better conception of such effect by considering a similar, though ex- 
treme case. Much of the land of Mexico is more fertile than any land 
of the United States. The country is richer in its deposits of oil and 
minerals, and it has besides a great capacity for the production of rubber, 
for which there is a great and constantly increasing demand. In a word, 
Mexico is potentially a richer country than ours. But with all of such 
natural wealth, many of the Mexican people are in a pitiable state of 
abject poverty. There is no reason why they should be, except for their 
government or lack of government, and uncertainty of title is one of 
the principal consequences of their unstable government. 

It is certainly true, though the confession is decidedly humiliating, 
that by reason of the provision which excepts veins known to exist from 
land patented as placer and because of the lack of a provision by means 
of which any such defect may be cured or an attack upon the placer title 
barred by the lapse of time, a portion of the territory of the United States 
has been, to a Ihnited extent, Mexicanized. Congress has been asked to 
para a law that would prevent an attempted lode location upon ground 
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patented as placer after the expiration of some fixed limit of time from the 
issuance of the placer patent; but for some reason no relief has been given. 

The title held under a placer patent covering land within which there 
is a vein suflB.cient to support a lode location is uncertain, and cannot 
be rendered otherwise. The holder of such title may, however, relinquish 
it and procure in its stead a patent upon a lode claim, which is not sub- 
ject to the same infirmities. 

In procuring a lode patent to be issued covering land as to which a 
placer patent has already been issued two different courses have been 
followed. TlTiile the placer patent is outstanding, whatever land was con- 
veyed by it has passed from the public domain and is not subject to dis- 
posal by the government, and an apphcation for a second patent upon the 
same land will not be entertained by the land department of the govern- 
ment. There is nothing, however, to prevent the oiEcers of the land de- 
partment from accepting, on behalf of the United States, a deed from the 
owner of the placer title conveying back to the government whatever 
was conveyed by the placer patent, and the land having been in that man- 
ner restored to the public domain, is again subject to disposal by the gov- 
ernment, and the necessary preliminary steps having been taken, a lode 
patent covering the same ground may be issued. 

In practice the placer owner, in following such course, may first make 
a lode location or locations covering the ground, embracing in a 
single location the same extent of surface area as in the case of a lode 
location made upon unpatented land. Then, having in other respects 
complied with the law entitling him to a patent upon his lode claim or 
claims, application for such patent is filed and with it a deed is tendered 
conveying to the United States the title conveyed by the placer patent 
or such part of it as is covered by his lode location or locations. In the 
absence of any adverse claim, the land department will treat such 
location as though made upon unpatented land, and the deed being ac- 
cepted, there is no longer an outstanding patent and no obstacle to the 
issuance of a second patent. 

Of course ah precautionary measures necessary to prevent a loss of 
rights are taken. The deed tendered becomes effective only when 
accepted by the government. Immediately uponits acceptance, the placer 
owner makes a second lode location covering the ground for the purpose 
of preventing an adverse location by some other person, upon the theory 
that un*^ the acceptance of the deed the land was not subject to location. 
The placer owner, of course, keeps his second lode location alive by annual 
representation until the issuance of the lode patent. 

If within the land covered by the placer patent there is a vein that 
was, in fact, known to exist at the date of the placer application, the titles 
to such vein and to an enclosing strip of surface ground 50 ft. in width 
is in the United States, and the placer owner, equally with any one else, 
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may locate it as a lode claipa and, by performance of the acts required by 
law to enable him to procure patent, may procure the issuance of a lode 
patent on such location in the same manner that patent is procured upon 
a lode claim made outside of the limits of ground patented as placer, 
except that in connection with the application for patent, satisfactory 
proof must be furnished the land department, by affidavit or otherwise, of 
the known existence of the vein, and except, of course, that the extent 
of area that may be embraced in such location is limited to 25 ft. on each 
side of the middle or center of the vein. If the question of the known 
existence of the vein is involved in doubt, the placer owner may proceed 
upon the theory that it was known, provided that satisfactory evidence 
is procurable to the effect that it was known. 

When such a lode location is made by a person other than the placer 
owner and judgment is recovered in his favor against the owner of the 
placer title that such vein was known to exist, and such lode locator then 
prosecutes proceedings for the purpose of procuring patent, such judg- 
ment is entitled to be given a conclusive effect in the land department, 
as elsewhere, upon the question of the known existence of the vein and 
may be relied upon as proof of such fact, dispensing with the necessity 
of affidavits. 

If such judgment is rendered as the result of a compromise of a law- 
suit or is rendered in a suit in which the placer owner does not resist 
the demands of the lode claimant, such facts in no way affect the question 
of the effect to be given such judgment. If the placer owner has a good 
title but allows it to be taken, the United States or any private individ- 
ual is not thereby the loser and if his placer patent did not convey title 
to him and the title remained in the United States, the vein was subject 
to location and its locator upon compliance with the law is entitled to a 
patent to it. 

Of course, the owner of the lode patent has extralateral rights, while 
the owner of the placer patent has not, and assuming that the vein was 
m fact not known to exist the lode locator who procures a lode patent on 
it on the theory that it was a known vein thereby may procure a greater 
right in the vein than was held by the placer owner. The segments of 
any veins lying outside the placer boundaries, the apices of which are 
within such boundaries, which veins were not known to exist at the 
date of the placer application for patent, of course do not belong to the 
placer owner but the title thereto is in the United States, and they are 
something therefore which the placer owner does not lose by allowing such 
judgment to be taken against him, and the lode locator does acquire them 
by his lode location and patent. The fact remains, however, that the 
recovery of the judgment affects the rights of no one except the lode 
locator and the placer owner, for such segments of veins are not, as some- 
thing separate and distinct from the veins of which they are a part, sub- 
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ject to appropriation by private individuak or to disposal by the United 
States under existing laws. 

The two methods here outlined have not in the past been frequently 
resorted to as a means of quieting uncertain placer titles, due, no doubt, 
to the risks apprehended as incident to the relinquishment of title. The 
proceedings are not recommended as being free from all possible danger, 
but such risks as there are, are of much less moment than the evils attend- 
ing the imcertain title to land patented as placer and within which there 
are veins likely to give rise to a claim that they were in fact known at the 
date of the placer application. 
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Mining Methods of Alaska Gastineau . Mining Co. 

BT G. T. JACBBON,* JtTNEAtr, ALASKA 
(Chicago Meeting, September, 1919) 

The Alaska Gastineau Mining Co.’s mine is located at Perseverance, 
about 4 mi. east of Juneau, Alaska. Its property consists of a group of 
claims, the lode system traversing these claims for a distance of 11,000 
ft. (3352 m.). It is shown in Fig. 1. 



The ore deposits occur in what is known as the Juneau gold belt. This 
gold belt can be traced for about 50 mi. northwest of Jimeau and 40 mi. 
southeast. It consiste of a single band, several hundred feet wide, in 
which stringers and veins of quartz, carrying gold, occur in a slate 
formation near its contact with some altered volcanic rock known as 
greenstone. 

The Perseverance orebody consists of stringer lodes, having a strike 
northwest and southeast, dipping about 60° to the northeast. These 

* Manager, Alaska Gastineau MmiDg Go. 
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orebodies occupy a zone of shearing in the slate near its contact with the 
greenstone foot wall. This shearing and fracturing is very marked in 
the slate, and to a less extent in the schist, and metagabbro dykes, which 
intrude the slate. The quartz veins and stringers are more numerous 
near the foot wall, and become smaller and more scattered in the hard 
black slate hanging wall. 



Fig. 2 , — Section /phbottgh Febsevebaitce okebody at No. 1 shaft. 


Fig. 2 is a cro^^seetion liiror^ the No, 1 shaft, showing the rock 
formation; it shows that the orebody lies practically on the contact oi 
the slate with the greenstone.. Kg. 3 is a section through the orebody 
(304 m.) of ^e 1 ih^sL Jt ^ows that in the 
the; ore occurs in level: 10 

w|M||y-m,t^^ and'lroprte^ ISO/ft. of 
'fa 
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in schist, and outcrops in a metagabbro dyke. Other mineralized zones, 
intersected with numerous quartz stringers, are found in the slate and 
metagabbro dykes in the hanging wall of the main orebody. The only 
orebody developed so far is the one that lies on or near the main contact. 



The gold oecims usually free, is fairly coarse, and is generally found 
near the contact of the sulfides with the quartz. TJhe predominating 
minerals are zinq-blende, galena, arsenopyrite, pyrite, and pyrrhotite, 
named in order of their importance as gold carriers. There is, on an 
average, as much silver by weight as gold in the ore. 






G. T. JACKSON 


467 


History 

Gold was discovered in Silver Bow Basin near Perseverance in 1880 
and placer mining was carried on for several years, in the gulches and 
basins, with more or less success. Several attempts were made to work 
the small rich quartz stringers, transporting the ore by aerial tramways 
to small stamp mills, but owing to the shortness of the summer season 
and the small tonnage treated they were not successful. 

About the year 1900, the late Mr. Joseph Gilbert bought the Persever- 
ance claims and, with the assistance of the late Col. W. J. Sutherland, 
the Alaska Perseverance Mining Co. was formed. This company drove 
the Alexander cross-cut, the orebody being intersected at a point 2000 
ft. (609 m.)- from the tunnel portal. Drifting was done both east and 
west on the orebody, which work demonstrated an orebody of sufficient 
size and value to warrant the erection of a 100-stamp mill just below the 
portal of the tunnel. This mill commenced operations during 1907 
and continued each summer, when water power was available, until 
1912, when it was destroyed by fire. In 1910, the company was reor- 
ganized imder the name of the Alaska Gastineau Mining Co., and has 
done business under that name ever since. In 1912, the Alaska Gold 
Mines Co. was organized as a holding company to finance the Alaska 
Gastineau Mining Co., and development of the mine on a large scale com- 
menced in July, 1912. At this time, the total imderground development 
consisted of about 6200 ft. (1889 m.) of drifts, cross-cuts, and raises, also 
three large stopes, in which 812,444 tons of ore had been broken; 
384,445 tons of this ore had been milled in the Perseverance 100-stamp 
min during the years 1907-12. The three stopes, together with the pil- 
lars between them, covered practically all the extent of the orebody then 
developed on the Alexander level.- They were opened up and worked 
without any attempt at selective mining or sorting and had a total length 
of 1150 ft. (350 m.), an average width of 90 ft. (27 m.), and were worked 
up to an average height of about 100 ft. (30 m.) The distance of the 
Alexander level to the outcrop, measured on the dip of the vein, would 
average 1200 feet. 

General Plan of Development 

Fig. 4 is a longitudinal section of the mine, showing work done to 
July, 1912, and the proposed development program. This plan 
called for a main shaft for the handling of men, supplies, motors, and 
cars; opening up the mine by a series of levels, placed approximately 
200 ft. (60 m.) apart; two main inclined oreways driven in the hard foot- 
waU rock for transporting the ore from the different levels to the Sheep 
Oeek Adit; a main haulage tuimel about 2 mi. (3 km.) in length; and 
preparing a sufficient number of stopes to deliver 6000 tons of ore per day. 
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The methods adopted for driving of main drifts, cross-cuts, oreways, 
shaft sinking and raising do not call for any special mention, this work 
being usually done by contractors, the company providing all tools, 
machine drills, and compressed air, and the contractors providing the 
labor for drilling and mucking and paying for all supplies used. 



Fia 4 . — ^Pbhsbevesancb wdckb development peoqbam, 1912. Solid lines = work 
DONE TO July, 1912. Dotted lines = pkoposbd work. 

Main Diotts 

The main tramming drifts are driven in the foot wall parallel to the 
orebody, from 30 to SO ft. (9 to 15 m.) distant. They are 7 ft. high, 8 ft. 
wide in the back and 9 ft. wide at the bottom, with a 24 by 24-in. ditch 
on the foot-wall ade. No timber is used in the drifts, except where they 
cross the main contact fault: The following table gives in detail average 
costs per foot for driving in various formations: 
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Slatu 

Gabbbo 

Schist 

Labor. . 

$4.87 

$4.76 

$4.86 

Power 

0.29 

0.36 

0.29 

Superintendence and general expense . . . 

2.05 

2.39 

2.20 

Store expense. 

0.08 

0.08 

0.27 

Tramming labor 

2.64 

2.86 

3.35 

Tramming 

0.03 

0.13 


Machine-drill expense 

0.89 

1.10 

1.08 

Explosives 

2.50 

3.26 

2.82 

Candles and carbide 

0.07 

0.07 

0.09 

Timber 

0.12 

0.10 

0.54 

Other stores 

0.01 

0.01 

0.09 

Total 

. $13.55 

$15.12 

$15.59 

As the drifts advance, the orebody is prospected 

by cross-cuts about 


every 400 ft., and is further prospected by diamond drills every 100 ft. 
between the cross-cuts. 

Stoping 

The first stopes opened were those on the upper levels directly under 
the outcrop. With shrinkage stoping, less than 50 per cent, of the ore 
broken in the stopes is available for milling until the stopes are finished. 
It was, therefore, necessary to work as many machines as possible in the 
first stopes opened, so that they could be quickly finished and the broken 
ore remaining in them made available for the miU. After the first 
year’s operation, about 60 per cent, of the ore delivered to the miU was 
drawn from finished stopes and 40 per cent, from working stopes and the 
preparing of new ones. 

When the orebody has been thoroughly prospected, the stopes are 
laid off. In the slate formation, the stopes are cut out from 200 to 300 
ft. (60 to 91 m.) in length, with a 40-ft. (12-m.) pillar between, while m 
the schist formation, stopes have been successfuUy worked up to 400 ft. 
in length, the width of the stopes var3dng from 40 to 120 ft. 

Charging Stoping Costs . — ^In order to maiatain an average cost for ore 
broken, stoping is divided into two accounts, preparing of stopes and 
stoping. The cost of preparing stopes is charged to a deferred account, 
which is written off at a fixed charge of 8 c. per ton against aU ore reported 
broken in stopes each montii; the actual cost of preparing stopes for the 
first 4years of operation is slightly rmder 8 c. per ton. The foUowing work 
is charged to preparing of stopes account: AU manway raises and manway 
drifts, chute raises, buUdiag of chutes, buUdozing raises and drifts, and 
the connecting of the chute raises. 

Driving the Manway Raises . — ^The first work undertaken in preparing’ 
stopes is driving the manway raises. These raises, measuring 6 ft. 
(1.5 m.) wide by 8 ft. (2.4 m.) long, are located in the pillars between two 
stopes, usuaUy in the foot wall, and are driven at an angle of about 60“ 
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The rock through which these raises are driven is of a very firm character, 
no timber being required other than that used for staging. The method 
adopted is shown by Fig. 5; it is as follows; After the raise has been 
driven about 15 ft. (4.5 m.), a chute is built on one side, stulls spaced 
5 ft. apart are placed up the center and lagged with 2 by 12 in. (5 by 30.5 



Fid . 5 . — Method of baisinq used at Pbrsevebancb mine. 


cm.) timber, thus forming a rock chute and a fiaanway. When a height 
of about 45 ft. is reached, a bulkhead is placed over the manway, closing 
this ofif, a manhole being left in the side of the lagging. As the raise is 
advMtced from this buHdiead, the ladders are placed on the foot wall and 
fastened by means of dhort drills placed in drill-holes. When the raise 
has reached a height of about 60 ftf (15 m.) from this bulkhead, another 
bulkhead is placed on the same adey eoyerin^ half of the width of the 
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raise. The air pipe is then brought up to this point, and the raise con- 
tinued. Other bulkheads are placed in a similar manner every 45 ft. 
(13 m.) until the raise reaches the desired height. During blasting, 
tools and spare steel are stowed away under the bulkheads. Stulls 4 by 
6 in. (10 by 15 cm.) are generally used to hold the stage near the working 
face, intermediate drifts being driven from the raise as it advances, these 
to be used as passageways into the stopes. 

When the raise reaches the level above, the chute and bulkheads are 
taken out and permanent ladders and a slide for a small skip, together 
with the air pipes, are installed. ‘^Little Tugger’’ hoists are used in these 
manways for the handling of steel, explosives, etc. This method of 
raising has proved very successful, and raises up to 450 ft. (137 m.) in 
height have been worked in this manner, contractors packing up all of 
their steel and pulling up any timbers required with small pulley blocks. 
Detailed average costs of manways per foot are as follows: 


Labor 

Power 

Superintendeiice and general expense . , . 

Store expense 

Tramming labor 

Tramming 

Machine-drill expense 

Explosives 

Candles and carbide 

Timber 

Other stores 

Total 


Slate 

$ 5.16 

0.21 

1.54 

0.27 

0.24 

0,90 

1.53 

0.03 

0.64 

0.02 


$ 10.54 


Schist 

$ 6.99 

0.27 

2.16 

0.24 

1.58 

1.87 

2.42 

0.08 

0.43 

0.09 


$ 16.13 


Gabbho 

$ 5.82 

0.28 

2.00 

0.24 

0.79 

0.04 

1.24 

2.08 

0.05 

0.49 

0.03 


$ 13.06 


Chtdes and Chute Raises.— The next work of preparing stopes is to 
drive ehute raises and build chutes, which are usually spaced 35 ft. 
apart. Kgs. 6, 7, 8, 9, 10, and 11 show various types of chutes and bi^- 
dozing connections. Fig. 6 shows a type of chute with a bulldozing 
chamber right above. This type of chute was adopted during the years 
1915 and 1916, but due to excessive bulldozing it was impossible to bold 
the caps in place. It was then decided to do the bulldozing in the chute 
raise, about halfway between the chute and stope. Small manway raises 
were put up from the mai;n drift at each end of the stopes, and from these 
an intermediate drift abbut 20 ft. above the main drift was driven. 
This drift was connected, to the chute raises by short cross-cuts, the bull- 
dozing being done in the chute raises from these cross-cuts. Figs. 7, 8,: 
and 9 show three styles of chutes with this type of bulldozing chamber. In 
these chutes, the head blocks were protected by (12.7 mm.) boiler 
plate. This type of chute operated satisfactorily with the exception of 
the head block, which after a short time was broken and tom. out by the 
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passage of the large rocks. Figs. 10 and 11 show the type of chute now 
adopted. In order to build this chute, it is necessary to have firm, hard 
rock, as no caps are used, the bulldozing being carried on about 10 ft. 
(3 m.) above the chute, this drift being driven froin a small raise halfway 
between two chutes. The ventilation of the main tramming drifts is 
satisfactory, the powder smoke clearing away quickly even when bull- 
dozing is almost continuous. However, in the bulldozing drifts the air 



circulation is poor, and when a large amount of blasting is necessary a 
fan would have to be used to keep the drift properly ventilated. With 
the raise shown on Fi^. 10 and 11, which co’nnects with cross-cuts to 
two chute raises, it is possible to keep the atmosphere clear of powder 
smoke by turning on a little compressed air after blasting. 

Before the chute raises are started, the engineers mark off the place, 
giving the exarCt hei^t and the an^e of raise. This raise is started only 
4 by 4ft. (1.2 by 1.2 mO, and carried this dimension for about three rounds. 
The drift m then widened out opposite to where the chute is to be built 
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and the back is taken up to a height of 14 ft. (4.2 m.), after which it is 
ready for the timberman to commence. The timberman first lines up the 
position of the chute, centering the raise and cutting hitches in the back 
of the drift to fasten the side posts the proper distance from the track. 
'He then completes building the chute, installs the gates, loading platform, 
etc. When the rock is trimmed off in the mouth of the chute just flush 
with the sides, it gives a chute opening of 3 ft. 6 in. (1.05 m.) high by 5 
ft. 4 in. (1.62 m.) wide. The chute raise is then continued until the ore- 



body is encoimtered. The bulldo^g raises are then driven, and cross- 
cuts driven from the bulldozing raise to ibe chute raises. No grjzzly bars 
are used at present, as most of the rocks can be caught before tliey get 
into tile dhute from the bulldozing diambers. 

Pig. 12 shows a detailed drawing of a db.ute, underswung {are gata and 
dieek gate. The und^swung ar© garte was deagned by the writer' in 
1312. ht is used, in ail "titeehut^ betii large and small, is very icasp'tp: 

ooiKliawet, end ©an be witiwuit diffictdlgr by on© nadh 

' 
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The costs of building these chutes, including the raise and widening 
out the drift, amounts to about $615, of which $400 is for rock and $215 
for material and labor of building the chute. 

After the chute raises reach the orebody, they are connected by short 
raises driven up from each chute at an angle of 40°. A small raise is then 
driven from the end of each stope to connect with the nearest manway 
cross-cut, and the stope is now ready for undercutting. 



Actual Stoping 

A chute raise at each end of the stope is generally continued as a cross- 
cut raise xmtil the hanging wall io reached, i After this^^^ i^^ sampled, it 
gives a much better idea of how wide the stope should be cut out. The 
values generally taper off as the hanging wall is reached so it is the usual 
practice only to undercut the stupes to a point about W ft. (6 m.) from 
where the values cease^ imiteoiitting of the stopes is then com^ 
mmced from these raise <a:oss^cutB, tHs undercutting being carried for Him 
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full length of the stope. The width depends on the values, as shown by 
the cross-cut raises; the height is about 7 ft. (2 m.) and at an angle of 
about 40°, so that broken ore will gravitate to the chutes. 

There are two ruethods of stoping, one in which a small amount of the 
ore occurs in the foot-wall gabbro and the majority in the slate, and 
the other in which the ore occurs in a schist formation. ' The method 
adopted in the gabbro and slate stopes was introduced by the late John 
R. Mitchel when he was superintendent of the Perseverance mine. It 
consists of a combination of shrinkage stoping and caving. From 15 to 
30 per cent, of the ore is broken by drilling and blasting, and the balance 
obtained through caving. 



This method is described as follows: After the stope is undercut, 
machines are started from both ends of the stope, taking a cut along the 
foot wall 7 ft. (2.1 m.) high and 12 ft. (3.6 m.) wide, until the cuts meet in 
the center of the stope, after which the machines are brought back to the 
pillars and a cut of the same dimeimons is taken across the pillars to the 
hanging wall. A small amount of caving will then commence, but it is 
generally necessary to take successive cuts of the same dimensions along 
the foot wall, and afterward across the pillars. Caving of the orebody at 
a right angle to the stratification takes place following these cuts> in 
quantities from a few tons to several thousand. The men working on the ; 
foot wall or along the pillars are perfectly safe, and continue to work u|) tiie 
stopes in this manner until the back of the stope approach# 

S0 fk atW stope above, at which time the cavir^h#!^# 
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13. — Combination. OF shrinkage and caving method op stoping. 
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pronounced; the men are taken out of the stope, and the remainder of the 
ore caves through. As the ore is brokenj the excess is dra’cra off through 
the chutes, just leaving sufficient so that the men can reach the back 
comfortably. Fig. 13 illustrates this method of stoping. On the bottom 
h alf of a are shown the chute raises at various stages of being con- 
nected; the upper half shows the stope during actual stoping and caving. 
Section 6 is a cross-section of this stope. 

After actual stoping commences in this class of stope, 125 tons of ore 
are broken per machine shift. Two machines are operated on each end 
of the stopes, working two shifts a day. After the first month of actual 
stoping about 600 tons of ore a day are drawn from each stope by the tram- 
ming crews. Following are detailed costs of breaking ore in this class 
of stope, no account being taken for preparing or development charges: 


Cost peh Ton 

Labor $0.06025 

Explosives ^ • 0^312 

Miscellaneous supplies and expenses - 0.01885 

General underground expenses 0.01686 

General mine expenses 0 • 00,659 


Total $0.13567 


The schist orebodies are worked by shrinkage stoping. The stopes 
are prepared and the undercutting done in the manner described for 
the slate stope, but as the ore in the schist stopes does not readily cave, 
or if it does, comes down in such large blocks that it cannot be handled, 
all the ore that occurs in schist formation must be drilled and broken 
with powder. The machines are started from each end of the stope on 
the foot wall and, wherever possible, the drilling is done at a right angle 
to the formation. A succession of cuts is taken across the stope from 
foot to hanging wall, excess ore being drawn off as required. A large 
number of machines can be worked in one of these stopes^ and if the back 
is kept at a right angle to the dip of the foot wall, it is perfectly safe to 
work in any part of the stope. In this class of stope 45 tons of ore are 
broken per machine shift. Following are detailed costs of breaking of 
ore in schist stopes: 

Cost per Ton 


Labor *0.12422 

Explosives ^ • 0^362 

Miscellaneous supplies and expenses 0.04610 

General underground expenses 0.03754 

General mine expenses - 0 . 01328 


Total $0.28476 

BtJIiLDOZING 


Two men are required to each tramming crew to break up the rocks 
as they accumulate in the chute raises, in order that the ore may be 
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drawn from the chutes. While the bulldozers work in conjunction with 
the tramming crews, moving from chute to chute as they become blocked, 
the cost of this work is charged to ore breaking. 

Due to the methods of mining in the stopes and owmg to the fact that 
a very large percentage of the ore is obtained by caving, the rock, as 
drawn from the chute, is of fine and medium size that can be easily loaded 
into cars, together with large rocks ranging from 3 ft. in diameter up to 
50 tons or more in weight. When the ore is drawn from the chutes, the 
finer material is usually drawn first, the large rocks gradually working 
down until they arch over at a point where the chute raise enters the 
stope, thus preventing any ore from being drawn. The practice then 
is to tie several sticks of powder, with fuse and cap attached, to the end 
of a 1 by 3 in. (2.5 by 7.6 cm.) lath from 10 to 20 ft. (3 to 6 m.) in length, 
depending on how high the chute is hung above the bulldozing cham- 
ber. This charge is placed between two of the large rocks and set 
off; a large tonnage of ore may be thus loosened and the larger roclm 
brought down more into the chute mouth. If the rocks are very large, 
several charges of powder are set off in this manner, until all the loose 
pm all rock is brought down, and the large rocks completely block the 
chute raise. It is then safe to take a stoping machine up the raise and 
drill several holes into the large rocks, which are blasted in the usual 
manner. 

In order to get the best results with the tramming crews, it is neces- 
sary that the bulldozer be a man skilled in the use of powder. Be- 
cause the rocks jam and arch over, it is not safe to do much driUing 
until all the small rocks are first brought down. This means that a 
large quantity of powder is used for bulldozing operations; it usually 
amounts to nearly twice the powder used in the stopes. The following 
table shows detaUed costs of bulldozing: 

Cost fbb Ton 


Labor ■ 01416 

Explosives .• 0 ■ 05206 

MisceUaneous supplies and expenses 0 . 00160 

General underground expenses 0 . 00480 

General mine expaises 0 . 00209 


Total $0.07460 


Mine Tbamming 

This work consists of drawing the ore from the chutes. Transporting 
and dumping .into ore ways, the upkeep costs of all motors, cars, charging 
stations and track are charged to tramming. On all the tramming levels 
35-lb. (15-kg.) rails are used; the gage of the track is 26 in. (66 cm.). 
As most of the levds come out to the surface on the western end of the 
mine, the tunnels have a grade of 0.5 per cent, in that direction. This 
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means that the grade is in favor of the loaded cars on the eastern section 
of the mine, and against the load on the western section. Locomotives 
used for tramming are of the Baldwin-Westinghouse type, equipped with 
Edison storage batteries. Eight of these machines, weighing 6 tons 
each, are used on the tramming levels. Two 4-ton Jeffries locomotives, 
equipped with Edison storage batteries, are used for handling supplies 
and assisting in the tramming when necessary. 

On each tramming level a motor-generator charging set is located, 
consisting of a 40-h.p. three-phase, 440-volt motor, direct connected to a 
30-kw., 125-volt, direct-ciurent generator. This set is large enough to 
charge three sets of batteries simultaneously. The locomotives operate 
an 8-hr. shift on a 4-hr. charge. As the tramming is on a two-shift 
basis, this operates very satisfactorily by having three motormen, the 
charging being done by the motormen between shifts. It requires one 
electrician, and sometimes a helper, to keep these machines in good serv- 
ice; that is, to see that the storage batteries have the right amoxmt of 
water and that the electrical equipment is operating satfefactorily. These 
storage-battery locomotives, some of which have been in use since 1913, 
have given very satisfactory service. 

Barring ordinary wear on mechanical parts and controllers, the loco- 
motives are standing up well. The capacity and efficiency of the bat- 
teries have not yet been materially decreased by the wear on the elements, 
although considerable wear is evident on the plates of the older batteries, 
which necessitates more frequent washing of the cells to remove the 
sediment deposited in the bottom of the containers. This wearing of the 
element is natural, although it is materially increased by the erratic 
service and charging to which the batteries are often subjected. Con- 
sidering the service and the conditions under which they are operated, 
the batteries are giving good results, and although the 4-yT. guarantee has 
expired on most of them, they wiU, if properly handled, give satisfactory 
service for several years to come. Detailed operating costs of storage- 
battery locomotives are shown in the following table: 


Maintenance cost 

Maintenance charging station 

CJost of power consumption 

Pbb Ton 
$0.00337 
0.00024 
0.00015 

Pee Ton-iolb 
$0.03019 
0.00216 
0.00132 

Total r 

$0.00376 

$0.03367 

Kw.-hr. consumed 

0.0994S 

0.89147 


The cars used are of the Granby type, automatic side dump, and have 
a capacity of 4 tons. These cars have given very good service, and have 
been reinforced considerably to withstand the hard usage they get 
from the very large rocks which are drawn from the chutes, some of 
which weigh 3 tons. 

voir. LXin. — 31. 
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A train crew, aside from the bulldozers, consists of a motorman, two 
chute punchers, and one mucker. The tonnage handled by a tramming 
crew on an 8-hr. shift varies considerably from day to day, due to the size 
of the rock drawn from the chutes and the number of interruptions caused 
by chutes hanging up. The record on an 8-hr. shift is 1962 tons. The 
average for the whole mine equals 489 tons per tramming shift. 

A train consists of ten ears when operating with the grade in favor of 
the load, and eight when operating with the grade against the load. The 
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Fig. 14. — CoxrasB of ore from mine levels to railroad, Perseverance mine. 

blind end of the train is equipped with cow-bells, which are allowed to 
drag ov^ &e ti^, giving an effective warning when a train is approaching. 
Wh®i two or more trains are operating to one ore way, a system of signal 
l^ts is used to prevent collisions, the motorman throwing in a red light 
when pe^dng a givm station, which prevents another motorman from 
proceeding to the dump imlal the red light is removed. Three men are 
required on the various levels to keep the cars oiled and in repair. 

Chute maintenance costs 80.01012 per ton, four timberiii^ with 
helpers being required for this work, Ihe bi^ chtfe pubgfici bheafeh 
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tramming crew and the motorman keep a tally of the number of cars 
drawn from each stope and report to the shift boss at the end of each shift. 

Fig. 14 shows the course of ore from mine levels through ore way to the 
loading station. Following are detailed costs of mine tra mming : 


Cost per Ton 

Labor $0.03812 

Power 0.00020 

Maintenance equipment and tracks , 0.01461 

General underground expenses 0.01052 

General mine expenses 0.00316 


Total $0.06661 


Obb Tbanspoetation 

The ore is transported from the ore ways to the coarse crushing plant 
a distance of 33^ mi. (6.6 km.) on a single-track, 36-m. (91-cm.) gage, 
electric railway; 2 mi. of this distance is tunnel and the balance trestle 
and fill. In addition to the main line, 1% mi. of sidings and yard tracks 
are used. The ruling grade is 0.6 per cent, in favor of the load, and 50- 
lb. rails are used throughout. Roiling' stock consists of 92 four- 
wheel all steel gondolas of 12-ton capacity, all cars being equipped with 
Simplex automatic couplers, and three 18-ton Baldwin-Westinghouse 
locomotives. Two 6-ton locomotives and 20 flat cars are used for the 
handling of freight. 

The power to operate the trolley sjrstem is taken from the power lines 
at the mill substation, and supplied through two 300-kw., three-phase, 
60-cycle, rotary converters at 550 volts direct current to the trolley sys- 
tem. The No. 4-0 grooved trolley wire is supported by A frames on the 
trestle, and hung from the roof underground. Power consumption has 
averaged 0.0824 kw.-hr. per ton-mile. The 18-ton locomotives are 
equipped with two 84-hp. motors, mounted on two pairs of 36-in. (91-cm.) 
steel-tired driving wheels, with a wheel base of 6 ft. 4 in. (1.9 m.) and are 
rated to develop a speed of 8 to 12 mi. (12 to 19 km.) per hr., with a 
drawbar pull of 5900 lb. (2676 kg.). Straight air brakes furnish the brak- 
ing power. 

The ore ways that form the connection between the mine and the 
railroad have a cross-section of 6 by 12 ft. (1.8 by 3.6 m.). At the lower 
end they are widened out to permit the location of four chutes, placed on 
car centers. Each chute is provided with two gates. The lower one, 
an arc gate 6 ft. 8 in. (2 m.) wide, is operated by hand and lets the ore 
into the ear. The upper one, a check gate, is set with a fixed opening 
about 20 in. (50 cm.), and is lifted up by means of a hand wheel whenever 
large rocks block the passage of the ore, and falls back into place by 
gravity. The gates are operated from a platform himg from the roof 
above the cars. 
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During the first 4 yr., there passed through the four gates at ore way 
No. 1 about 6,275,000 tons. During this period the wearing plates 
inside the chutes have been changed only once, due to ordinary wear 
and tear, or after about 4,000,000 tons had passed over them. The 
original plates were 34-hi. boiler plate and were replaced by M-in. 
boiler plate. The check gates have been changed twice, due to ordinary 
wear and tear; several gates have been taken out and straightened, 
having been blasted. The underswung arc gates are still in use as origi- 
nally installed, and are in very good condition. 

The ore is loaded into the cars by a crew of four men, comprising 
three chutemen and one motorman. The cars are drawn very slowly 
under the chutes and the ore is dropped into them while they are in 
motion. Signal lights are provided for signaling the motorman from 
the loading platform. The actual loading of the train takes from 
10 to 16 min. When loaded the train is taken by the loading crew a 
distance of H 'to siding No. 2, where it is turned over to a running 
crew. ^ 

Two trains are used, and while the empty train is being taken by the 
loading crew from siding No. 2 to the ore ways and loaded, a loaded train 
is being taken by . a running crew to the mill and dumped. The trip to 
siding No. 2 and return, including loading and cleaning up any spilled 
ore, takes about 40 min.; as this is slightly less than the time consumed 
by the running crew, a loaded train is always ready when the running 
crew arrives. 

The running crew, composed of a motorman and two brakemen, 
covers the 3 mi. (4.8 km.) distance, between siding No. 2 and the mill in 
15 min. In 20 min. more the ore is dumped, the cars being spotted in 
units of four in a tipple, which dumps the ore into the receiving bins by 
revolving on its longitudinal axis. Twenty minutes more are required 
to take the empty train back to siding No. 2, making a total of 55 min. for 
the round trip, including dumping. Thus a crew of seven men load, 
haul Dod. and dump from 3800 to 4300 tons of ore in 8 hours. 

On a basis of a daily tonnage of 8000 tons, a repair and mamtenance 
crew of ten men is used: one electrician and helper for upkeep of locomo- 
tives and trolley, light, telephone and signal lines; three repair men for 
upkeep of cars and chutes; and a track and tunnel crew of five men. 

The following table gives detailed costs of ore transportation: 


Cost per Ton 


Labor $0.01219 

Power 0-00068 

Maintenance equipment and tracks 0 . 01718 

General expenses ^ ! 0 . 00552 


Total $0.03557 
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Machinery and Equipment 

The power necessary to operate the mine and railroad is generated 
in three hydroelectric plants, situated from 7 to 14 mi. (11 to 22 km.) 
distant from the mine. By building a dam across one creek, and tapping 
a large lake supplied by another creek, sufficient water is stored to 
supply aU year power. The operating costs of these power plants are 
very small, and average for the past 4 yx. $0.00174 per kw.-hr. Forty- 
eight electric motors, of a total capacity of 2852 hp. are used to operate 
the machinery, the average daily power load being 1001.7 hp., which equals 
0.224 hp. per ton. Five compressors of a total capacity of 9000 cu. ft. 
(252 cu. m.) per min, of free air are located just below the Alexander 
tunnel and are aU electric driven. These furnish air for the machine 
drills and hoists at a pressure of 90 lb. per sq. in. (6.3 kg, per sq. cm.). 
The main hoist is operated by compr^ed air. It is equipped with 
Wuest herringbone gears, and is capable of hoisting an unbalanced 
load of 6 tons. 

The main shaft has three compartments, in two of which double- 
decked cages are operated for the handling of men and supplies. The 
third is a small compartment for a ladder way, air pipe, and electric 
conduits. The large compartment, measuring 5 by 7 ft. (1.5 by 2.1 m.) 
is used for the hoisting or lowering of motors, cars and other large 
machinery. 

The electricity used for operating the motor-generator sets and light- 
ing is carried into the mine through an armored cable, at 2300 volts, 
to a substation near shaft No. 1, where the voltage is transformed down 
to 440 and 110 volts. Electric lights are installed on aU the working 
levels, Mazda lamps being generally used; the average life per lamp is 
762 hr. When one considers the adverse conditions tmder which the 
mine lamps operate, due to shocks received from concussions caused by 
blasting, the service rendered is considered satisfactory. A duplicate 
telephone system is installed, connecting the mine office and all the 
various levels throughout the mine. By means of this system, it is possible 
for the men workmg in the dififerent sections of the mine to conununicate 
with one another, or, by throwing a switch, to communicate with the 
mine office. 

Blacksmith, machine, and carpenter shops are situated dose to the 
portal of the Alexander tuimel. The blacksmith shop is equipped with 
three Leyner drill sharpeners and oil forges, and the machine and car- 
penter shops with suitable machinery for doing' the ordinary repair work 
around a mine. Up to 1917, rock drills used for drifting and stoping 
were the 3.25-in. (8.25-cm.) piston type. These have been r^laced, by 
drills of the water Leyner type. Stoper machines are used for raising, 
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with Jackhamers for plugging and ditching. The following table shows 
comparative cost per machine shift for the different machines : 



3.25-in. Piston 

Water Lbyner 

Stoper 

Feet drilled per shift 

31.99 

38.12 

33.00 

Repairs 

$0.11277 

$0.80651 

$0.44976 

Steel sharpening 

1.36388 

0.60533 

0.61257 

Steel loss 

0.08461 

0.54871 

0.67604 

Labor 

6.44107 

5.43605 

3.93416 

Power 

1.75932 

1.27332 

1.08089 

Total 

$9,76165 

$8.66992 

$6.75342 

Cost per foot of hole 

$0.30612 

$0.22743 

$0.20465 


Cost Keeping 

The costs of each drift, cross-cut, diamond-drill hole, and of the five 
or six operations incidental to preparing stopes, together with the actual 
breaking of ore in each stope, are kept separately and made up each 
month. Each individual piece of work is given a job number and the 
foremen and shift bosses are kept informed of their numbers, so that all 
labor and supplies used on each job can be properly charged. 

The underground laborers are checked into the mine by the time- 
keeper. When assigned to their stations, their payroll numbers are 
reported by the shift bosses on mine time sheets. One of these sheets is 
made for each job, and on it appears, besides the labor, the number of 
holes and feet drilled, holes blasted, pow.der used; and cars of ore 
trammed. No powder or supplies are issued except upon requisition 
bearing job number and signed by the shift boss. The superintendent 
is furnished each day with an abstract of the shift bosses^ reports, ena- 
bling him to see at a glance the number of men working on each job, 
number of holes drilled and blasted, powder used, and tons of ore 
trammed from each stope for the previous day. 

The stopes are surveyed at the end of each month, the engineering 
department furm’shing the superintendent and accounting department 
with a report showing the ore broken, trammed, and broken ore remain- 
ing in each stope; also a report showing development and prospecting 
work, contractors' footage, and work done in connection with preparing 
new stopes. 

Ore drawn from stop,es is charged into ore ways at the indi- 
vidual cost of each stope, which also includes an extinguishment charge 
of $0.08 per ton for preparing of stopes and $0.05 per ton for mine 
development. 

Miscellaneous expense includes candles and carbide, compressed air, 
drill sharpening and replacements, and sundry supplies. General under- 
ground expense includes maintenance of mine tools and equipment, 
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foremen and shift bosses, engineering and hoisting expense, assay and 
sampling, mine lighting, and liability insurance. General mine expense 
includes mine office and general expenses, maintenance yards, trams, 
and building.* General underground and mine expenses are distributed 
over preparing stopes, mine development, ore breaking, tramming, 
bulldozing, and chute maintenance on basis of direct labor. 


StJTiiMAET OF Costs, per Ton 


Ore breaking $0.16169 

Bulldozing 0.07460 

Mine tramming 0 . 06661 

Ore ways and chutes 0.01012 

Ore transportation ’. 0 . 03557 

Proportion, preparing stopes 0.08000 

Proportion, mine development 0 . 05000 


Cost of ore to miU $0.47859 


Conclusion 

The costs shown throughout this paper are an average for the years 
1915 to 1918, inclusive, representing 6,523,873 tons of ore delivered to 
the mil l. During the 3 mars 1915 and 1916, supplies were obtained at 
normal prices; 1917 was the first year of real war prices, and all supplies 
advanced 35 per cent. 1918 saw a further advance in material and sup- 
plies, this being equal to 70 per cent, above 1915. Labor advanced from 
an average wage of $3.80 per day during 1916 to $4.75 per day for 1918. 

The writer hereby acknowledges the assistance, received in the prepa- 
ration of this paper from the following mine officials: D. J. Argali, mine 
superintendent; W. T. Tolch, chief engineer; Wm. Carlberg, railroad 
superintendent; E. M. Gastonguay, chief electrician; and H. E. Biggs, 
auditor. 
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Milling Plant of the Alaska-Gastineau Mining Co. 

BY E. V. BAVELEE,* MET. E., BUTTE, MONT. 

(New York Meeting, February, 1920) 

The milling plant of the Alaska-Gastineau Mining Co. is located at 
the town of Thane, Alaska, on Gastineau Channel, 4 mi. south of Juneau 
and directly across the channel from the Ready Bullion mine of the 
Treadwell mines on Douglas Island. Previous to the organization of 
the Alaska-Gastineau Mining Co., in 1912, the milling was done at the 
stamp TYiill of the Alaska Perseverance Co. located at the mine in Silver 
Bow Basin. But the contemplated increase in production made it 
necessary to locate the mill on Gastineau Channel, as not enough water 
was available at the mine during the winter months, nor was there room 
for taking care of the large tonnage of tailings that would ultimately 
be discarded from the mill. 

Chaeactbr op Orb 

The gold and silver values occur in quartz lenses associated with 
pyrrhotite, galena, arsenical P 3 rrites, and zinc blende. These lenses 
occur in large bodies of slate, schist, and metagabbro, which also carry 
some valuable metallic contents. With the essential low cost of mining, 
it was necessary to mine large bodies of low-grade material containing 
the high-^ade streaks. Of the minerals, pyrrhotite, the magnetic 
sulfide of iron, is preddminant, and galena is the next sulfide present in 
quantity. The gold occurs free and coarse and associated with the iron 
sulfide in its finer state. The silver occurs with the lead or is alloyed 
with the gold. A chemical analyms of the ore shows 

0.10 oz. Magnesia 0.4 per cent. 

59 . 7 per cent. SuKur 1.2 per cent. 

5.2 per cent. Lead 0.1 per cent. 

21 . 4 per cent. Zinc 0 . 2 per cent. 

5.0 per cent. 

Experimental Work 

Investigations at the old Perseverance stamp mill had developed 
the following points : 

Roughing concentration following stamping gives a fair recovery. 


Silver. . . 

Silica 

Iron 

Alumina 
lime 


* Mill Superintendent, Butte & Superior Mining Co. 
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Practically all gold values are liberated at 50-mesh. Amalgamation of 
the ore ground through 30-mesh pelds 63 per cent, of the gold as bullion. 
An iron concentrate could be made carrying gold and silver values. 
Slimes were very low in value. 

While the experimental plant was being built, laboratory work 
developed the fact that slimes were consistently low in value, which was 
of great importance in the later developments of the milling operations. 



1. Fairbanks Morse track 

scales. 

2. iH-in. grizzly. 

3. No. 1 style “D’’ Gates 

crusher; capacity 5 
to 9 tons per hour. 

4. Coarse ore bin; ca- 

pacity 100 tons. 

5. 16-in. bucket elevator. 

6. Two Colorado impact 

screens 3 by 4 ft. — 
660 shakes per min.; 
12 mesh; 0.020 wire 
screen. 

7. 42 by 16-in. Garfield 

lolfe; r,p.m. pulley 
100 . 


8. Fine ore bin; capacity 14. No. 3 Deister shme 

150 tons. table. 

9. 4-ft. Garfield roughing , 15. Hardinge mill, 30 in. 

table; 260 r.p.m.; by 8 ft.; 30 r.p.m. 

in stroke. 16. 4-ft. Garfield table; 260 

10. No. 6 Wilfley table; r.p.m. J^-in. stroke. 

230 r.p.m.; J^-in. 18. 4 by Mt. shaking 
stroke. plate; fall; 

11. Four-compartment 150 r.p.m. 

Richards-J a n n e y 19. Cobbe-Middleton 
clarifier; revolution grading pan; 5-ft. 

shaft 80. diameter; 50-mesh 

12. Three cone tanks; ca- screen. 

pacity, 180 cu. ft. 20. Stationary plate; 4 by 

13. Two 6-ft. vanners; 6 ft. 

190 shakes; IJ^-in. A. Feeders, plimger type, 
throw. 


In Fig. 1 is shown a flow sheet of the experimental mill. This plant 
had a daily capacity of 75 tons, so all tests were run on this basis in 
order that results might be comparable with actual milling practice. 
The roll capacity, of course, was greater but the concentration depart- 
ment was run at normal tonnage. The concentrating department con- 
sisted of amalgamating plates, Garfield roughir^ tables, Wilfley and 
Deister tables, Janney classifiers, Frue vanners, and one 8 ft. by 30 in. 
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Hardinge mill. Tlie machines were so placed that almost any variation 
desired in the flow could be made. All launders had ample grade and 
there was very little chance for concentration of values at any place in 
the mill. The headings and tailings were sampled automatically every 
2 min. and hand samples were taken on the products of all machines 
coincident with the tonnage tests. These were then calculated back 
against the automatic samples for check. 

The ore was delivered in sacks and crushed to pass through a 1-in, 
ring in the gyratory crusher, then ground to the roughing mesh required 
with rolls. A 50-ton bin fed the concentrating department so that 
concentration was independent of grinding. 

As proper sampling of the ore was known to be very difl&cult, due 
to the coarse particles of gold free in the ore, the greatest precautions 
were taken. From laboratory tests before starting the experimental 
mill, it was known that grinding a large sample to 10-mesh was necessary 
to check results. 

The heading sample was taken automatically after roll grinding 
with maximum size particles of 10-mesh, and on a mill run of 20 tons the 
heads sample amounted to 400 lb. This sample was rolled very care- 
fully and then riffled through a Jones type sampler with a 1-in. opening. 
A cut of 50 lb. was obtained and the reject of 350 lb. was saved for other 
work. The 50-lb. sample was reroUed and riffled to 12,5 lb. which was 
ground to 100-mesh and after rolling was cut to about 4 lb. for an assay 
sample. The 37-lb. cut was saved for screen analysis work. The 350-lb. 
reject from the fflcst cut was sacked and sent to the Arthur plant of the 
Utah Copper Co., where check runs were made in the laboratory unit. 
On the average the variation of ah runs in the heading assay between the 
Utah and Alaska results was under 6 cents on the gold assay. In assay- 
ing the nail method was used and four three assay-ton charges made on 
each sample, combining the resultant button for parting and weighing. 
In the hand-sampling work, six men were used, two sampling each day, 
and all six men were alternating in the work to eliminate the personal 
equation as much as possible. 

The experimental crushing plant was started with waste to observe 
the effect of roll crushing. The ore was low in moisture, running con- 
sistently under 2.5 per cent.; the ore screened very readily and under 
in. size the slate lost its long splintery character and became cubical. 
The worst problem that developed in the crushing tests was the dust, 
which wBB eradicated by sprays; they were also used in the large milling 
plant. In the concentrating tests, the simplest methods were used first, 
then these were elaborated as was found necessary. 

The first tests were with grinding with the rolls to varying mesh, from 
6 to 16; this was followed by primary roughing on Garfield tables and 
cleaning the rough concentrate on Wilfley tables. Both tables were mak- 
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ing final tailing. This method gave a recovery of 75 per cent., a tailing 
of $0.44, and a concentrate of $13 gold, shovdng a very' satisfactory 
initial recovery, and work was followed upon tailings from this operation. 
Screen analysis showed that practically all the gold was liberated from 
the gangue with 50-mesh grinding. The tailings from the tables were 
then classified in the Janney classifier, the material on 60-mesh being 
regroimd in the Hardinge mill, and the fine sands sent direct to the 
secondary roughing tables. . 

The product from the Hardinge mill was treated separately on both the 
roughing and the finishing machines but with the development of the 
practice it was found that it could be combined with the fine sands from 
the classifier and treated on the roughing table, the rough concentrate 
being cleaned on finishing tables. Tailing made on the roughing table 
on the final test was $0,176; and on the finishing machine $0.32; as the 
tonnage of the finishing tailings was small both roughing and finishing- 
machine tailings were sent to waste. 

The slime overfiow from the Janney classifier, comprising about 17 to 
20 per cent, of the original tonnage, was very low in values, an average 
assay on aU tests being $0,178 gold. Tests were run on this to see if an 
economical recovery could be made but nothing satisfactory was worked 
out. It was then turned to the tail race as waste. This, of course, was 
one of the most satisfactory developments of the test work. 

The above data show that a very economical treatment had been 
worked out gi'ving high recovery at a low cost. Several check runs 
made with the flow sheet as adopted showed a tailing of $0,176 gold and 
an extraction of 89.30 per cent, of the gold values. The tonnage of con- 
centrates produced in the final check runs showed that 89.30 per cent, 
of the gold values was concentrated into a product in the ratio of 60 
to 1. 


Retrbatmbnt op Concentrates 

Following this, work was started on the retreatment of the concentrates. 
An average analysis of the concentrates' was as follows: 


Gold 

... $80.00 

Magnesia 

... 0.8 per cent. 

Silver 

6.30 oz. 

Copper 

... 0.1 per cent. 

Lead 

6.2 per cent. 

Zinc 

... 2.7 per cent. 

Iron 

... 37.3 per cent. 

Arsenic. 

... 0.2 per cent. 

Silica 

... 12.9 per cent. 

Tin..... 

... 0.1 per cent. 

Alumina 

... 10.7 per cent. 

Sulfur 

... 27.0 per cent. 

lime 

2.2 per cent. 




The first step in the treatment was to separate the lead concentrate 
from the iron concentrate, which was easily' done on Wilfley tables, using 
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a finger to regulate the cut. This lead concentrate carried all the free 
coarse gold, a material very hard to sample. Tests showed that this lead 
concentrate would be separated in a ratio of 857 to 1 as to the original ore 
milled. The further separation of the free gold from this was left to 
work out later and attention was paid to the iron concentrate remaining. 
This iron concentrate carried from $12 to $25 gold values, some silver, 
and some lead. 

The first work was to grind to suitable mesh and amalgamate and 
reconoentrate. Grinding to 100-mesh liberated the values suflSiciently 
or amalgamation. The iron concentrate, after plating, could then be 
reconcentrated and a small quantity of iron-lead concentrate of high 
enough grade to warrant shipping could be made. The final tests showed 
a tailing of $1.93 gold and $0.26 silver, which with the lead concentrate 
would mean a shipping concentrate in the ratio of 400 to 1 of the ore 
milled. At the laboratory in Utah, a tailing of $0.93 gold was made 
with fresh concentrates; as the concentrates used at Alaska had oxidized 
somewhat, it was felt that the same results could be obtained in mill 
practice. 

During the winter of 1913, laboratory tests were run at Alaska on 
cyaniding the iron concentrates to determine whether higher recovery 
could not be made. The presence of pyrrhotite made this rather dififi- 
cult but the method was finally worked out on an economic basis, giving 
an average recovery of 98.50 per cent, of the gold values, with a 4-lb. 
cyanide consumption. However, the higher cost of the process was a 
disadvantage so it was decided to use concentration and amalgamation 
on the iron concentrates. 


Mill Construction 

During the experimental work, which lasted until March, 1914, 
active construction work had been started in the large mill. This work 
was carried on throughout the entire year with very few delays except 
a few days from very severe winter weather. By February, 1915, with 
the exception of the retreatment plant, enough of the mill was completed 
to insure starting operations. Three operating shifts were organized and 
on duty at the plant for 10 days before the plant started, running machin- 
ery available, so that when ore was started through there was practically 
no delay and the usual troubles of starting a new plant were missing. 
Actual mill operations were started on Mar. 1, 1915. During the con- 
struction period, carpenter bosses were paid $7 per day, first-class car- 
penters 60 c. an hr., second-class carpenters 50 c. an hr. and labor 35 c. 
an hr. At the millaite and experimental camp at Thane, Mr. C. E. Bruff 
was the engineer in charge of construction and the writer in charge of 
experimental work and milling operations. 
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Flow Sheet op the Mill 

The ore from the different levels is dumped into one of the two ore- 
ways by 4-ton cars of the Granby type. These two ore-ways are equipped 
with four underswung arc gates for loading into the 10-ton cars that 
carry the ore to the mill. At the coarse-crusher bins, the cars are spotted 
in groups of four and dumped by a revolving tipple, which is operated 
by a 50-hp. General Electric alternating-current motor. The starting and 
stopping of the tipple with the motor running is accomplished by a fric- 
tion clutch with a bevel pinion from the operation platform. The tipple 
is also equipped with a band brake. The motor and operating mechan- 
ism are designed to handle two tipples but to date only one has been 
installed. 

The ore dumped from the cars rolls down a 45° slope to a line of 
8-in. steel I beams spaced 10 in. apart and equipped with manganese shoes 
to take the wear. After over 6,000,000 tons had been dumped on these 
grizzlies, a number of the I beams had to be replaced, because of bending, 
but the manganese shoes are still in service. To facilitate the sliding of 
the wet ore, boiler plate was used; later this was replaced by worn-out 
roll shells 1 in. thick, which were straightened under the steam hammer 
at a red heat. This makes a very cheap liner and has a very long life. 
The oversize from the grizzlies falls into steel bins ahead of the jaw 
crusher, while the undersize falls into another bin. 

The undersize from the grizzlies is fed by four 42 in. (106 cm.) wide 
apron feeders to a stationary crimped-wire screen 3 ft. (0.9 m.) wide and 14 
ft. (4 m.) long set at an angle of 45° with 2J^-in. (6.35 cm.) openings. The 
undersize from this screen drops through raises cut in the rock to an under- 
ground storage bin, which has a capacity of 8000 tons. This bin was 
cut out of the rock during the construction period, the broken rock being 
crushed in a temporary plant for use as rock and sand in all the concrete 
used in the mill. It has thus served two useful purposes. At the bot- 
tom of the bin, there is a reinforced-concrete arch over the tunnel lead- 
ing to the fine-crushing department. 

The oversize from the grizzlies is fed, by air-operated arc gates, to two 
36 by 42-in. (91 by 106-cm.) Buchanan jaw crushers grinding to 5 in. 
(12.7 cm.) and discharging on 234-in. (6.35-cm.) stationary double-crimped 
screens; the undersize of these screens drops into the underground 
storage bin. The oversize from all of the screens drops into four 

No. 8 K Gates gyratory crushers, which reduces the feed to pass through 
a 234-in. opening. The crushers are of the gun-lock type, the mantles 
and concaves being of manganese steel. The lower concaves last about 8 
mo. on a 16-hr. daily operating basis. Changing the concaves and re- 
zincing an entire set in one crusher takes 8 hr. under normal conditions. 

All the crushers are belt driven from a central line shaft, which is 
divided into two sections so that each side of the plant is independent. 
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The line shaft is of cold-rolled shafting, each unit being driven 

by a 200-hp. General Electric motor. Clutch pulleys transmit the power 




Fig. 2. — ^Flow sheet fob C.C. plant, boll plant and one 2500-ton section of 

CONCENTBATING PLANT. 


1. 10-ton ore car. 

2. Revolving tipple, four 

ears. 

S- Grizzly; 8 in. clear 
openings. 

4. Bin for undersize from 

grizzly. 

5. Bin for oversize from 

grizzly, 

6. Four 4^in. caterpillar 

feeders. 

7. Foul’ air-operated gates. 

8. Two 36 by 42-in. jaw 

crushers. 

9. Grizzly^ 2 J^-in. clear 

openmgs. 

10. Four No. 8 gyratoiy 

crushers. 

11. Underground storage 

bin. 

12. 8-ft. rotary feeders. 

13. , One 42-in. belt ; con- 
veyor. 

14. Nine 48 by 36-m. im- 
pact screens, 1 in. 
openings. 


15. Bin for oversize from 
. screens. ' 

16. Bin for imdersize from 

screens. 

17. Rotary feedeis. 

18. One 42-in. belt con- 

veyor with tripper, 

19. Six rotary feeders. 

20. Two 36-in. belt con- 

veyors. 

21. Two 72 by 20-in. rolls 

at 80 r.p.m. 

22. Hopper. 

23. Automatic gate. 

24. Four automatic skips. 

25. Bin. 

26. Rotary feeders. 

27. Sixty 48 by 36-in. im- 

pact screens, 9-mesh. 

28. Ten 24r-in. belt con- 

veyors. 

29. Ten 54 by 20-in. rolls 

at 100 r.p.m. 

30i Hopper. 

31. Automatic gate. 


32. Ten automatic skips. 

33. Automatic head 

samplers. 

,34. Two 36-in. distributing 
conveyors. 

35. Storage bin for fine 
, ore. 

36. ;Rotary feeders. 

37. Ten double-decked 

Garfield roughing 
tables. 

38. Ten No. 5 Wilfley 

tables, 

39. Ten 4-spigot Janney 

classifiers. 

40. F i V e dewatering 

wheels. 

41. Five tube mills, 7 by 

10 ft. 

42. Two-way distributors. 

43. Ten double-decked 

Garfield roughing 
tables. 

44. Ten No. 5 Wilfiey 

tables. 


to the crushers through a belt drive. All clutches are eciuipped with 
operatizig mechanjfem. Electric switches are provided so ; that^ the 
operator can cut off power from either the gyratory or the jaw-crusher 
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floor. This plant has a capacity of 3500 tons in 8 hr. crushing to pass 
through a 23 ^-in. ring. 

The operating crew consists of a crusher man, feeder man, and oiler, 
per shift; one man and a helper on the day shift do all the routine repair 
work. Changing of concaves or mantles is done by the rigger crew 
when needed. 

The product from the coarse-crushing plant is fed from the bottom of 
the underground storage pocket by eight rotary feeders to a tunnel con- 
veyor belt, which carries it to the fine-crushing section. The rotary 
feeders are pulleys, 36 in. (91 cm.) in diameter with a 36-in. face, which 
slowly revolve and pull the ore from chutes attached to the bin bottom. 
The rotary feeder has a capacity of about 3000 tons daily with the stand- 
ard gate opening; different feeders are operated diuing each 24-hr. period 
to maintain an even character of ore, as there is some segregation in size 
in the ore pocket. These feeders are very economical to install and to 
maintain. After about 4 years’ service some are still in place and the 
cost of repairs to them has been practically negligible. Wherever pos- 
sible, these feeders are used throughout the plant. The ore is carried 
on a 42-in. (106-cm.) 8-ply conveyor belt, 1216 ft. (370 m.) long, to 
the fine-crushing department. The conveyor runs on a slight downward 
grade, the power consumption is very low, and discharges ore on to four 
all-steel impact screens of the Colorado type. These screens are a 
modification of the standard impact screen commonly used on finer ore 
but have been strengthened for heavy work. Four screens bg-ndlft the 
mill feed of 10,000 tons daily, screening to a 1-in. opening. Double 
crimped wire screens are used and are made in the shops at the 
plant. 

The oversize from these screens drops into a 2500-ton bin, which acts 
as storage for the feed to the 72 by 20-in. (182 by 50-em.) roUs. The 
undersize from the screens drops onto a 42-in. 8-ply conveyor belt and 
is distributed by a tripper over bins feeding fine impact screens. The 
oversize is fed by a rotary feeder to a 36-in. rubber-covered conveyor 
belt discharging to 72 by 20-in. rolls. The belt and feeders are driven 
from the roll shaft, insuring stopping of the feed in case rolls are stopped 
suddenly for any reason. These rolls crush to through 1-in. and the two 
sets are capably of handling oversize from a 12,000-ton mill feed daily. 
The product falls into the sMp storage bin of small capacity and is ele- 
vated by automatic skips to the level of the 42-in. tunnel conveyor 
discharging over six impact screens. The oversize from these screens 
then returns to a bin ahead of the 72 by 20-in. rolls. 

The ore is hoisted by a 5-ton skip operated automatically by a 75- 
135-hp. Westinghouse hoist motor. The loading mechanism consists of 
an air cylinder connected to a rod, which opens the gate. The air is run 
into the cylinder through a three-way valve operated by a shaft which is 
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rotated by the descending skip. High-pressure water is available and 
can be used in place of air. The time of loading is determined by 
an oil dashpot, which at the same time throws the master switch opera- 
ting the motor. The time of loading a 5-ton skip is 11 sec., and the 
complete cycle of operation with two skips operated from the same motor 
is 1 min. 50 sec. Flat plow-steel cable % in. by 5 in. (0.95 by 12.7 cm.) 
is used for hoisting two skips running from the same drum, one loading 
while the other is dumping. The hoisting distance is 100 ft. (30 m.). 
This is a new feature in milling practice and replaces dry elevators very 
effectively. The operating and maintenance cost is quite low, the cost 
of maintenance being $0,009 per ton milled. 

The 72-m. (182-cm.) rolls, with conveyor and feeder, are driven by a 
General Electric 300-hp. alternating-current motor direct connected 
to the main line shaft; the practice throughout the plant is to use either 
direct-connected or back-geared motor drive instead of belt drives. The 
product is screened as before stated. The oversize returns to bins for 
further crushing and the undersize is carried by rotary feeders to the 42- 
in. (106-cm.) tripper conveyor, where it joins the undersize from the 
tunnel conveyor and is distributed over bins ahead of the impact screens 
over the 54-in. (137-cm.) rolls. The tripper is operated by a 15-hp. motor 
and can be moved over the length of the bin. The ore from this bin is 
screened by sixty impact screens of the Colorado type, making 600 
vibrations per minute and equipped with 8-mesh 0.032-in. (8.3-mm.) 
wire-screen cloth and 9-mesh 0.028 in. (7.1 mm.) wire-screen cloth. 
The screens are equipped with manganese cams and tappets. The under- 
size from these screens falls to a 36-in. traveling conveyor distributing over 
the fine bins ahead of the concentrating department. At this point a 
sample of the mill heads is taken. 

The oversize from the screens is conveyed by ten 24-in. (60.9-cm.) 
belt conveyors to ten 54 by 20-in. (137 by 50-cm.) (larfield rolls set to 
grind to 10-mesh. The feed to the rolls is sprayed to lay the dust. After 
grinding, the ore is hoisted by automatic 5-ton skips to the 64-in. roll 
feed bin and screened as before. Each two sets of roUs are driven by a 
300-hp, motor direct connected to the line shafting. The 300-hp. 
motor is interchangeable with the 300-hp. motor on the 72-in. rolls and 
the skip-hoist motors are identical with the 72-in. hoists,. The conveyor 
and screens are driven from the 54-in. roll shafts. 

A 30-ton capacity electric traveling crane operates over the floor of 
the flne-crushing department and over a large repair room at the end of 
the floor. This crane facilitates repairs, as any part of a machine can be 
assembled in the repair shed and then carried to its place. By having a 
supply of spare parts time lost can be kept at a minimum. 

The ten sets of 54-in. fine-crushing rolls have a capacity of 11,000 tons 
daily, or 1 100 tons per roll to 10-mesh. The 54-in. roll shells give approxi- 
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mately 80 days’ actual service and crush 96,000 tons of ore, or 17.6 
tons of ore per pound of steel, when operating at full capacity. 

From the impact screens the undersize drops onto two conveyors 
distributing over an 8000-ton storage bin with semi-cylindrical grooves 
in the bottom in each of which two rotary feeders for feeding the primary 
Garfield tables are placed. 

The concentrating department is divided into four independent sec- 
tions, each of which is equipped with twenty rotary feeders, ten primary 
Garfield tables, ten primary Wilfiey tables, ten four-compartment 
Janney classifiers, five tube mills, ten secondary Garfield tables, and ten 
secondary Wilfiey tables. Each section then is composed of five parts, 
each of which can be shut down independently of the others. 

The crushed product from the rolls is fed from the fine bins by rotary 
feeders discharging into a 14-in. (35.56-cm.) launder to the Garfield 
tables. Water is here added for the first time, enough water being 
added to give proper consistency of feed to the tables. The launders 
all have suflScient slope so that water added is governed by table 
conditions. 

The Garfield tables making the first roughing concentration are 
double-decked tables 4 ft. (1.2 m.) wide by 12 ft. (3.6 m.) long, with riflles 
extending the length of the table. The head motion is of special design, 
very heavy and strong, as experience had shown that exceptionally 
heavy duty would be required of these tables. These Garfield tables 
produce a rougher concentrate, which is cleaned on Wilfiey tables, 
and a tailing, which is laundered to the Janney classifiers. 

The principle of roughing concentration which has here been applied 
to gold milling for the first time is based on the fact that the roughing 
table will handle a large tonnage of material per area of deck, giving a 
low-grade concentrate with high extraction. The low-grade concentrate 
can then be cleaned on a finishing table. It can easily be seen that the 
tonnage handled per table will materially cut down the fioor space 
required for mill operation on a large tonnage, thus reducing construc- 
tion cost and simplifying the subsequent milling operation. In fact, the 
success of the milling operations at this plant are due to the low cost of 
roll grinding and to the low cost and high efficiency of the roughing 
concentration. 

The Wilfiey tables clean the rough concentrate of the nainerals 
present, rejecting a tailing that joins with the Garfield table tailings and 
is laundered to Janney classifiers. The No. 5 Wilfiey table is used, but 
the head motion has been strengthened by increasing the size of the shaft 
and making the thrust bar and pitman of steel instead of iron. The 
concentrate from the Wilfiey table is laundered to the retreatment plant. 
This concentrate comprises galena, pyrrhotite, sphalerite, and arsenical 
pyrites, all of which act as carriers for the gold. 

VOL. Lxin. — 32 . 
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The tailings from the primary Garfield and Wilfley tables run to four- 
compartment Janney classifiers. There are ten classifiers in a section, 
each classifier taking its feed from one Garfield and one Wilfley table. 
Each classifier, on the standard feed of 2500 tons daily, is handling 250 
tons daily. The maintenance of these classifiers is- very small and one 
operator can look after forty classifiers and twenty tube-mills. The 
classifier makes five products and has two main functions: one to deslime 
the material so that this slime, which is very low in value, can be rejected 
and the other to separate the material coarser than 48-mesh for regrinding, 
as to liberate the values grinding to 48-mesh is necessary. In the first 
two spigots all material coarser than 48-mesh is dropped, the third and 
fourth spigots carry the sands finer than 50-mesh. The classifier over- 
flow, which is all slimes, runs directly to the tail race- The first and 
second spigots discharge into a shovel or sand wheel box, which dewaters 
the feed, also discarding any fine material that might be left in the feed. 
This combination of classifier with shovel wheel gives an excellent feed to 
the tube-mills, as 90 to 93 per cent, of the feed will remain on 48-mesh 
screen and about 4 per cent, of over 48-mesh material passes through the 
third compartment of the classifier. The moisture to the tube-mill is 
maintained at about 33 per cent. 

Each tube-miU takes the feed from the first two spigots of two classi- 
fiers. The tube-mill used is a cylindrical mill 7 ft. (2.1 m.) in diameter by 
10 ft. (3 m.) long made by the Power & Mining Mach. Co. It is driven 
by a 75-hp. motor direct connected with a double reduction; the first 
reduction is through herringbone gear and pinion running in an oil bath, 
and the second reduction to the- mill is by a heavy spur gear and pinion. 
The Komata-type liner is used in the mill, the plates being made out of 
worn-out roll steel straightened and formed in the blacksmith shop. 
The lifting bars and screen are made of manganese. The feed to the 
mill is through a three-tip spiral scoop. Each mill grinds the over-size 
from 491 tons daily, the product carrying about 30 per cent, on 48-mesh. 
No return of oversize is made to the mill. 

Danish flint pebbles and adamant silica blocks are used for the 
grinding medium and, in case increase in capacity of the entire mill is 
made so that more than 10,000 tons is handled daily, additional tonnage 
can be ground in the mill by using steel balls and increasing the size of 
motor used. The consumption of pebbles from the beginning of opera- 
tions has been 1 lb. per ton miUed. The product from the tube-mills and 
the discharge from the third and fourth spigots of the classifier run to 
secondary Garfield tables, each mill feeding two tables. These tables 
make a final tailing, which runs to waste. The rough concentrate from* 
each table feeds one No. 5 Wilfley table, which makes a tailing to waste 
and a concentrate which joins the primary Wilfley concentrate and is 
laundered to the retreatment plant. 
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The water used in the plant is obtained, in the summer, from the 
freshwater supply, which will operate the mill on a 10,000-ton basis for 
about 5 mo. ; during the remainder of the year, make up water is supplied 
by the salt-water pumps. These are three two-stage Byron Jackson 
turbine pumps of 1000-, 2000-, and 3000-gal. per min. capacity, respec- 
tively, against a 275-ft. (83-m.) head. The water consumption is about 
0.60 gal. per min. per ton ore milled per day. 

. Retreatment Plant 


From the concentrating department, the concentrates are laundered 
to elevator pits and carried to the top floor of the retreatment plant by a 
12-in. bucket elevator on each half of the plant. One-half of the retreat- 



Fiq. 3. — ^Flow shijet, one-halp rbtrbatment plant. 

45. 12-in. bucket elevator. 51. 7 by 10-ft. standard 56. Two No. 5 Wilfley 

46. Six-way distributor. tube-mill. tables. 

47. Twelve No. 5 Wilflley 52. 12-in. bucket elevator. * 57. Two No. 5 Wilfley 

. tables. 53. F o u r-coinpartment ‘ tables. 

48. Two No. 5 Wilfley Janney classifier. 58. Two bins for shipping 

tables. 54. Three No. 5 Wilfley concentrate. 

49. Three-compartment tables. 59. Three 6-ft. 1-shell 

Janney classifier. 55. Three No. 5 Wilfley vanners. 

50. Dewatering box. tables. 60. Two cone tanks. / 

ment plant treats the concentrates from one-half ofj the concentrating 
department. From the elevator, the concentrate is distributed to twelve 
standard No. 5 Wilfley tables, which remove a rough lead concentrate 
carrying all the free coarse gold. This lead concentrate is then retabled 
on one No. 5 Wiiflejy table to separate the free gold from the shipping 
concentrate. ^ This Semites the coarse lead with practically all 

of the free goM>&e pE^Uet bebig about lOOO^iibi daily. 
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This material was treated at first in crucible furnaces but is now treated 
in an open-hearth furnace designed at the plant. Iron shavings are 
added to take up the sulfur present and the resultant products are a 
high-grade lead bullion and a matte. This lead bullion can be very 
' accurately sampled and is shipped direct to the smelter. 

The reject from the single table in each section handling the lead is a 
shipping concentrate carrying about $800 gold per ton and about 50 per 
cent. lead. This is stored in bins and shipped as often as boat sailings 
permit. The tailings from the twelve primary tables are dewatered into 
a three-spigot Janney classifier. The spigot discharge is then ground in 
a 7 by 10-ft. mill to 100-mesh. After grinding, the pulp is elevated to a 
standard four-compartment Janney classifier. The first spigot feeds 
three Wilfley tables and the second spigot three tables. These tables 
make a concentrate for the shipping bin and a middling which returns 
to the tube-mill for further grinding. The third and fourth spigots each 
discharge to two tables, which make a concentrate to the shipping bin, 
a middling which returns for further grinding to the tube-mill, and a tail- 
ing that goes to waste. The classifier overflow is settled in cone tanks 
and then fed to six vanners, which make a shipping concentrate. - The 
final shipping concentrate then assays about $400 gold and 40 per cent, 
lead, and 50 oz. of silver per ton. This shipping concentrate is in a ratio 
of 1 to 1000 of the original ore milled and contains about 44 per cent, of 
the gold recovered, with about 56 per cent, in the lead bullion. The 
tailings from the retreatment plant join the tailings from the concentrat- 
ing mill, are sampled, and then run to the bay as waste. 


Results Obtained 


Following is average of series of samples throughout the plant, showing 
the results of the various concentrations of gold values: 


General heads $1.25 

Primary Garfield tailings 0 . 347 

Primary Garfield concentrate. . 13.16 

Primary Wilfley tailings 0 . 844 

Classifier feed 0 . 523 

First spigot classifier 0.60 

Second spigot classifier 0.32 

Third spigot classifier 0.26 

Fourth spigot classifier 0.26 

Classifier overflow 0.16 


Tube-mill feed $0.49 

Tube-mill discharge 0,49 

Secondary Garfield tailings 0.17 

Secondary Garfield concentrates 5.45 

Secondary Wilfley tailmgs 0.46 

Secondary Wilfley concentrates . 5.36 

General concentrating tails 0.177 

Retreatment tails 1.00 

General tails 0.20 


The average value of the concentrate going into the retreatment plant 
is about $70 gold per ton; and after the initial lead concentrate is made, 
iron concentrate which is reground and treated is Irft, assaying $19 per 
ton. After treating a tailing of $1 is made. 
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Characteristic screen analysis of the mill heads, mill tailings and 
retreatment tailings are as follows, Tyler standard screen sieves being 
used. 


Genebal Heads 


Mesh 

i 

j Per Cent., 

I Material 

1 

1 Cunmlative j 
! Per Cent., | 
i Material t 

! ! 

Assay 

Per Cent., 
V^ue 

Cumulative 
Per Cent., 
Value 

Plus 

10 

i 2.5 

2.5 

$0.83 

1.5 

1 1.5 

Plus 

20 

27.7 

30.2 

1.24 

24.6 

26.1 

Plus 

28 

21.0 

61.2 

i 1.45 

21.8 

47.9 

Plus 

48 

5.7 

56.9 

3.10 

12.7 

40.6 

Plus 

65 

5.6 

62.5 

3.72 

15.0 

75.6 

Plus 

80 

3.2 

65.7 

1.24 

2.8 

78.4 

Plus 

100 

3.7 

69.4 

1.86 

4.9 

83.3 

Plus 

150 

5.9 

75.3 

0.83 

3.5 

86.8 

Plus 

200 

1.7 

77.0 

1.03 

1.3 

88.1 

Minus 200 

23.0 

100.0 

0.72 

11.9 

100.0 



100.0 


$1.39 

100.00 



Gemebai. Tails 


Plus 

20 

1.48 

1.48 

$0.15 

1.18 

1.18 

Plus 

28 

9.08 

10,56 

0.15 

7.22 

8.40 

Plus 

48 

10.43 

20.99 

0.21 

11.60 

20.00 

Plus 

65 

12.59 

33.58 

0.26 

17.34 

37.34 

Plus 

80 

8.08 

41.66 

0.26 1 

11.13 

48.47 

Plus 

100 

8.88 

50.54 

0.26 

12.23 

60.70 

Plus 

150 

7.95 

58.49 

0.26 

6.32 

67.02 

Plus 

200 

' 7.17 

65.66 

0.15 1 

' 6.70 

72.72 

Minus 200 

34.34 

100.00 

0.15 

1 

27.28 

100.00 



100.00 


$0.19 

100.00 

• 


Retbeatuekt Tails 


Plus 

65 

2.70 

2.70 

j $0.41 

1.29 

1.29 

Plus 

80 

. 1.45 

4.15 

0.52 

0.88 

2.17 

Plus 

100 

9.55 

13.70 

0.62 

6.88 

9.05 

Plus 

150 

32.95 

46.65 

0.72 

27.58 

36.63 

Plus 

200 

4.35 

51.00 

0.93 

4.70 

41.33 

Minus 200 

49.00 

100.00 

1.03 

58.67 

100.00 



100.00 


$0.86 

100.00 



The work has shown that economic grinding of the ores for final con- 
centration is through 48-mesh; that the slimes carry very low values; 
and that regriuding and concentration of the iron concentrate will liberate 
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the gold values, permitting the iron to be thrown away. This, of course, 
reduces the smelting costs and losses to a minimum. Also, the lead 
concentrate produced carries 40 per cent, lead, which is a good smelting 
product. The concentrates are sacked and shipped to the Selby Smelting 
works for treatment. At the beginning of operations we were using 
amalgamation as an additional process in the retreatment of our con- 
centrates but found this unnecessary. 

Organization 

The organization of the milli ng division is as follows : Superintendent 
of mill in charge of division including miU operation and construction, 
machine and carpenter shops, docks, warehouse, commissary, etc. The 
assistant superintendent of miU is directly under the superintendent. 
The mill-operating organization includes three general foremen, one for 
each shift. The master mechanic has charge of repairs in the miU divi- 
sion and also has charge of the shop. His force is under different foremen. 
Each foreman is responsible for the repairs in his department and is 
entirely separate from the operation. The operating force is strictly 
operative and when a break-down occurs the repairmen take charge. 
In the same way, the oil foreman is responsible for the lubrication of all 
machines. Whenever possible parts are sent to the shop for overhauling 
or else repaired in the repair sheds at the end of each floor. 

The sampling, refinery, and assay office and experimental depart- 
ment are under the metallurgical engineer. 

The accounting for aU divisions is under the auditor, as is the ac- 
counting end of the warehouse and the retail stores and butcher shop. 
The warehouse is operated by the head storekeeper. The boarding 
and lodging houses, together with the club house, are under the chief 
stew?,rd, who is responsible to the mill superintendent. AU supplies 
are bought through the purchasing department. A requisition 
purchase of material originates with the head of a department, is num- 
bered by the storekeeper and approved by the. superintendent, after 
which it is sent to the local supply agent, who orders material through 
the purchasing agent in Seattle, Salt Lake City, or New York, depending 
on the class of material. 

Sampling and Assaying 

Great pains are taken at the mill to insure accurate sampUng of all 
vital products. For the headings to the concentrating department, 
the undersize from each screen is sampled automatically and cutters 
yi in. (12.7 mm.) wide are operated by a Scobey timing device throwing 
the four-way air valve connected to the air cylinder. A cut is taken every 
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12 min. and samples are collected every 24 hr. On a basis of 6000 tons of 
ore milled, the combined sample averages about 3000 lb., or lb. per 
ton milled. This is carefully coned and ringed several times and then 
quartered, qpposite quarters being saved together and about a 50-lb. 
sample cut from each of the two cuts by additional ringing and coning. 
These then are ground to 100 mesh in the laboratory and riffled to assay 
pulp size, weighing about 4 lb. each. The assayer runs four charges 
of 2 assay-tons each on each sample, combines the resultant silver-gold 
buttons, and then parts and weighs them together. The average of the 
original and the duplicate is then taken as the average for the day. 

The stream of tailings from each half of the Tnill is cut by an automatic 
sampler every 10 min. operated as for the head sample. These samples, 
amounting to 150 lb. each, are collected at the end of every shift. They 
are rolled and riffled, a 10-lb. sample from each shift sample being 
put through the pulverizer and ground to 100 mesh. From each of 
the shift tailing samples, the assayer runs four samples, each of 3 assay- 
tons, making a total of twelve crucibles for the three tailing samples. 

Concentrate production is sampled automatically and at the time of 
shipment an auger sample is taken from each sack. Special sampling 
of different products throughout the plant is kept imder way at all times. 

Costs of Operation 

While the plant has not treated its full tonnage, the results of operat- 
ing in the year 1917, when for a period the tonnage was maintained at 
7000 tons, gives an idea of what costs will be under full operating basis. 
These costs are as follows: Tons milled per day, 7023. 


Coarse crashing $0.02804 

Fine crushing 0.09432 

Concentrating 0.05136 

Ceneral mill 0 . 02778 

Power and light 0 . 01467 

General overhead 0.02340 

Total $0.23957 


Labor cost $0.09746 

Supplies 0.05454 

Shop expense 0 . 03787 

Sundries 0.04970 

Total $0.23957 


Power Consumption 

Power is supplied from a hydroelectric plant at Salmon Creek and 
Annex Creek, with a combined capacity of 11,000 kw. It is transmitted 
by cable on steel pole lines to the mill substation, where it is transformed 
from 22,000 volts to 440 volts and distributed to the various machines 
in the mill. Each circuit has recording watt meters and Bristol recorders 
for measuring power used in each group of machines. A distribution 
of the horsepower per ton milled is as follows: 



504 


MIIililNG PLANT OP ALASKA-GASTINEATT MINING CO. 


Coarse crushing 

Hobsbfowbb 
Pbr Tok 
Pee Dat 

.... 0.0217 

Beach pumping plant. 

Hobsepoweb 
Pbb Ton 
Pbb Day 

... 0.0489 

Fine crushing 

.... 0.2610 

lighting circuits 

. .. 0.0138 

Concentrating 

.... 0.1993 

Motor generator 

. .. 0.0014 

Retreatment plant . . 

.... 0.0195 

Total 

... 0.0641 

Total 

.... 0.4915 




The total kilowatt-hours per ton ore milled on normal basis is 7.946. 

Milling-plant Accessoeies 

To care for the married men, there are erected, to date, 40 cottages, 
from three rooms to six rooms. These cottages are located at the beach, 
about 5 min. walk from the mill. All cottages are plastered and well 
finished and have baths. One heating stove and range is supplied each 
cottage by the company. For employees that cannot be accommodated 
in the townsite cottages, grounds are leased at a rental of $1 per month, 
on which any employee can erect a dwelling, which at the end of seven 
years reverts to the company. At the present time there are about 45 
of these dwellings. 

For the single men, there are six bunk houses, one being reserved for 
foremen; this is fitted with rugs, chiffonier, table, and bed for one man 
per room. The remainder of the houses are for two men to a room; 
but during the operating period nearly every man has a single room. 
These houses are equipped with dry rooms, bath and showers, are plastered 
and steam heated. The men board at a company boarding house, a large 
modern building equipped with all labor-saving devices common to a 
well-equipped hotel caf4. The food furnished is good and wholesome, 
with plenty of variety and is well served. There are accommodations 
for 350 men at each meal, which consists of two kinds of meat, two or 
three vegetables, and dessert. Board and room costs $1 per day, with 
$2.50 per month extra for single rooms. 

In conjimction with these, there are maintained an up-to-date meat 
market with cold-storage facilities and a bakery accommodating both 
boarding-house and family trades. For the family trade, the company 
operates a retail store, which carries all standard goods and a big stock 
of men^s working clothes, which are sold at practically the same price 
as in the town of Juneau. 

A deduction of $1.50 per month is made from each employee for 
hospital and doctor services, which includes all service during the time 
employed. The hospital is the St. Ann’s Hospital at Juneau; a modern 
well-equipped building with the best medical attendance at all times. 
A club room is maintained for the benefit of the employees and Mrs. J . R. 
Whipple has given a fine library room containing about 4000 volumes. 
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in memory of Mr. James Ray Whipple, one of the promoters and after- 
ward assistant manager of the property, who died during the construc- 
tion period. 


DISCUSSION 

Gbaham Bright, Pittsburgh, Pa. — I would like more information 
about the operation of those 5-ton skip hoists, mentioned on page 495. 
When this proposition first came up, the question of handling this ma- 
terial with an automatic hoist was put up to the various manufacturing 
companies, and we were a little skeptical as to whether we could take 
care of it with an alternating-current motor. It was a little hard to 
produce an aVitomatic hoist, using an alternating-current motor, without 
complicating the motor or the control. When we found that the skips 
were to be loaded automatically, that is, the same amount put into the 
skip each time, it made the question somewhat simpler. So that these 
hoists were put in with an automatic control; when the skip receives a 
certain amount of material, it depresses a spring, which cuts off the feed 
and starts the hoist operating, goes through the cycle, slows down, 
and dumps, then the skip on the other side fills and goes through the same 
operation. Prom what I can gather, this plan has been successful; there 
has been little or no complaint. The author mentions that the operation 
and maintenance of this system is very low, being 0.9 cent per ton-mile. 
Does anybody know about what the opst would be, using the ordinary 
elevator system? 

W. L. Remick, Chrome, N. J. — do not know that Mr. Daveler 
would approve of my speaking for him, but I happened to be with him 
during all the experimental work at Thane, throu^ the construction 
work, and during 8 months operation of the mill. The skips were the 
Wellman-Seaver-Morgan type and, I believe, were designed for that job. 
Considerable difficulty was experienced before they were working well. 
In fact, they had one skip for each set of rolls, and for at least a month 
it required two men to handle each skip, the main trouble being with the 
tripping device at the bottom. The skips are operated with a flat cable, 
instead of a round one, so that as the skip goes down, the drum becomes 
smaller very rapidly, and with the constant speed of the motor, the 
skip will almost come to a stop before it lands on the cradle at the bottom. 
The trouble was that they could not regulate Uie blow at the bottom. 
Sometimes the cradles would operate a little too quickly; sometimes the 
gate, which opens automatically as the skip lands, would open a little 
too soon and flU the pit fuU of ore before the skip was imder the chute. 
When that happened, the flow of ore could not be stopped. Finally, a 
dashpot was placed imderneath the skip, so .that the speed was gradually 
decreased and, before I left, they had the arrangement tmder perfect 
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control. One man would handle the whole set of skips. I think Mr. 
Daveler has, in a general way, covered the details quite thoroughly. 
He has avoided, naturally, the troubles they have encountered, but there 
is no doubt that his system, especially the system of crushing with rolls, 
has turned out better than a good many people thought it would. 

Graham Bright. — I have just one more question that might help 
to clear this matter. In a new thing like this, we naturally would expect 
more or less trouble until we got it into operation. If you had a similar 
plant, would you put in these skips or a dry elevator system? 

W. L. Remick. — I would put in this system. 
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Crushing Practice, New Cornelia Copper Co.* 

BY W. L. DUMOTJLINjt C. B., AJO, ARIZ. 

(Chicago Meeting, September, 1919) 

A BATHER (ietailed description of the entire plant and leaching process 
was given in a paper recently presented to the Institute/ so this paper 
will cover briefly only the crushing practice of the New Cornelia Copper 
Co. for the year 1918. 

The ore, which is mined by steam shovels and loaded in side-dump 
cars, passes through two crushing plants. These crushing plants were con- 
structed to crush the ore required by a leaching plant of 5000 tons daily 
capacity, dxiring a crushing period of 16 hours. The primary plant re- 
duces to less than 3 in. (76 mm.) and the secondary plant, to 34 
(6.35 mm.), which is sufficiently fine for satisfactory percolation of solu- 
tion through the ore in the leaching tanks, and to give good extraction. 
The ore is then conveyed to the leaching tanks by a system of 28-in. 
(71-cm.) belt conveyors. On the way to the leaching tanks, it passes 
through an automatic sampling plant, where a 1-per cent, sample is taken. 

From the primary crushing plant, the ore is conveyed by two 36-in. 
(91-cm.) belt conveyors to a 10,000-ton steel storage bin, with a reinforced- 
concrete flat bottom. The ore discharges from the bottom of this bin 
onto four 20-in. belt conveyors, which deliver it to the four units of 
crushers in the secondary crushing plant. There is no storage bin be- 
tween the mine and the primary crushing plant. The ore breaks very 
coarse, is very hard, and contains a great many boulders, some as large as 
by 434 by 10 ft. (1.3 by 1.3 by 3 m.). Jams form in the bowl 
of the coarse crusher in the primary crushing plant, as a consequence, and 
are freed by means of an immense steel hook operated from a 40-ton 
electric traveling crane. 

Primary Crxjshino Plant 

The primary plant consists of one No. 24 Gates, style K, gyratory 
crusher, followed by four Gates N^. 8, style K, gyratory crushers. All 


* The substance of this article was originally sent to Robert H. Richards, Pro- 
fessor of Mining [Engineering and Metallurgy, Massachusetts Institute of Technology, 
Boston, Mass., in the form of a letter, 

t Assistant General Superintendent, New Cornelia Copper Co. 

^ H. A. Tobehnann and J. A Potter: First Year of Tjeaching by the New Cornelia 
Copper Co. Tram. (1919) 60, 22. , 
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the ore from the mine is dumped directly from the mine-ore cars, loaded 
with about 35 to 37 tons of ore each, into the bowl of the No. 24 gyratory. 
This crusher will take boulders as large as 4^ by 4H by 10 ft. and reduce 
them to approximately 9 in. at a rate of 500 tons of ore per hour. The 
ore crushed by the No. 24 crusher discharges into the bowls of the four 
No. 8 gyratories, after passing over grizzlies with 3-in. (76-mm.) spaces. 
The No. 8 gyratories take the 9-in. discharge from the No. 24 and reduce 
it to approximately 4 in. There are two No. 8s on each side of the No. 
24, which discharge onto one of the 36-in. belt conveyors carrying the 
ore to the 10,000-ton storage bin. All crushers in this plant are belt- 
driven by alternate-current induction motors. 

We found that when crushing to the size indicated, the discharge 
from the No. 24 would flood the No. 8s; therefore, as the head is not 
adjustable, the bottom row of concaves in the No. 24 was replaced by a 
row of thicker concaves, and a new lower section of the mantle of larger 
diameter was placed on the head, so that this crusher now reduces the 
ore to approximately 6 in. (15 cm.). This throws more work on the 
No. 24 crusher and slows its rate of discharge sufficiently to give a fairly 
uniform feed to the No. 8s, resulting in an increase in the capacity and 
a reduction in wear and cost of repairs in connection with these smaller 
crushers. The increase in the capacity of these smaller crushers was so 
great that- it was possible to set out the bottom row of concaves, and so 
obtain a product of less than 3 in. In addition to more evenly dis- 
tributing the work among the crushers in the primary plant, resulting 
in more efficient operation, this also balances the work between the 
primary and secondary crushing plants in a more economical manner. 
Previously, the rate of crushing in this plant was limited by the No. 8s, 
but now it is determined by the No. 24 gyratory, which has an average 
capacity of 400 to 450 tons per hour, crushing to less than 6 in., the rate 
depending on the percentage of large boulders in the ore crushed. 

Secondary Crushing Plant 

The secondary plant consists of four units of 48-in. (122-cm.) Symons 
vertical shaft (pillar) disk crushers, each unit consisting of three crushers, 
one coarse Symons and two fine Symons. The coarse and fine Symons 
are identical with the exception of the upper disk, which, in the coarse 
crusher, has a grinding surface 4 in. Wide, and in the fine crushers, 6 in. 
wide. Each crusher in this plant is driven by a'special direct-connected 
75-hp. alternating-current induction motor having a speed of 400 r.p.m. 
As the ore is harder than anticipated, it was soon demonstrated that to 
crush the 5000 tons in the desired time would crowd the crushers too 
much for economical maintenance, so a fifth unit of three 48-in. Symons 
vertical shaft disk crushers has just been installed. 
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The ore from the primary crushing plant is conveyed to the storage 
bin of 10,000 tons capacity, from which it is fed to the coarse Symons at 
a uniform rate, and crushed to approximately % in. (19 mm.) The dis- 
charge from these coarse crushers is divided, one half passing to each of 
the two fine Symons crushers in each unit, where it is crushed to approxi- 
mately ha. Screens ahead of the fine Symons crushers bypass a 
large percentage of undersize. The capacity of a unit depends somewhat 
on the character of the ore, and varies from 90 to 100 tons per hour. The 
coarse Symons have a capacity of 100 tons per hour, crushing to % in. 
with small cost of repairs; but the fine Symons have each a capacity of 
only 60 tons per hour crushing to 34 ha. with rather heavy repair costs. 
As this type of crusher may be considered in an experimental stage for 
crushing as fine as 34 i't developed that certain parts of the machine 
required strengthening, when it was foxmd advantageous to substitute 
cast steel for cast iron as well as to otherwise strengthen this design. 
But even under these circumstances, this type of crusher has proved 
satisfactory for the service required of it and gives the most uniform 
product that has the minimum amount of oversize and fines. A great 
deal of trouble has been experienced with tramp iron in the Symons disk 
crushers, but this trouble has been eliminated largely by the suspension of 
large powerful magnets over the conveyors leading from the primary 
crushing plant. These magnets were installed in addition to the mag- 
netic pulleys already in service. 

The records show that the manganese steel wasted is as follows: 


Lb. per Ton op 


Primakt Crttshing Plant Crushed 

In all maatles of gyratory crushers 0 . 0032 

In all concaves of gyratory crushers 0.0081 

Secondart Crushing Plant 

In all disks of Symons crushers 0 . 059 

Total Babbitt Used in Each Plant 

In primary crushing plant 0 . 0045 

In secondary crushing plant 0 . 0097 


The above items are given as they represent figures on the parts 
inost subject to wear. 

In the primary crushing plant, the average power consumed by one 
gyratory crusher to crush one ton of ore was 0.21 kw.-hr.; in the secondary 
crushing plant, the average power consumed by a Symons disk crusher 
to crush one ton of ore was 0.701 kw.-hr. 

All the preceding figures are averages for the year 1918. The total 
tonnage crushed during the year was 1,776,000. The following is the 
average of screen sizing tests for the year. Thq samples were taken from 
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the discharge from the fine Symons disk crushers as it passed to the 
conveyor carrying this crushed ore to the leaching tanks: 


On 3 mesh 

26.7 

On 10 mesh 

.... 7.0 

On 4 mesh 

17.3 

On 14 mesh 

.... 4.9 

On 6 mesh 

12.7 

On 20 mesh 

.... 4.1 

On 8 mesh 

9.0 

Through 20 mesh 

.... 18.3 


Ore crushed as indicated by these average screen sizing tests gives 
very satisfactory results in the leaching tanks. 
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Chilean-mill Practice at Portland Mill 

BY LUTHER "W. LENNOX,* E. M., M. B., VICTOR, COLO. 

(Chicago Meeting, September, 1919) 

The purpose of this article is not to compare one type of grinding 
machinery with another and to conclude from a series of tests that one 
particular machine is superior to all others. Neither is the reader asked 
to tire himself with the details of many tests to prove the statements 
herein made. The Chilean mill stands today abnost an outcast from the 
milling world. It ranks with the applicant for a job who has been given 
a trial along with others and condemned because he was not able to 
perform the definite task assigned as well as the* others, and* was forever 
eliminated. The judges did not tarry long enough to try this aspirant 
in a field of a slightly different nature. Even though it has been con- 
demned, the writer contends that the published records will indicate 
that the trials were never shifted into the field of greatest efficiency for the 
Chilean mill. Those of us who cbng to this outcast as a fine grinder in 
our milling operations do not wish, naturally, to be condemned also, 
with the machine, and yet we feel that we are classed as behind the times, 
at least in this phase of our milling judgment. Hence there is consider- 
able personal feeling in our efforts. 

During the last few years there have been published several papers 
on the relative merits of the various grinding machines. In two of these 
articles a comparison was made between Chilean Tnilk and cylindrical 
grinders. In each case the Chilean mill came out second best from about 
all standpoints. The outstanding feature in these comparisons would 
seem to be the decided attempt to keep all conditions the same^ so that 
each machine could be judged on its merit. As Mr. David^Cole states,^ 
We are inclined to regard a direct comparison of grinders arranged side 
by side, and making a product that affords as nearly as possible the same 
screen measure, as the Supreme Court in these grinding matters.'^ The 
writer agrees that this is the very best method for true comparison be- 
tween machines. The results in the two detailed tests should give the 
relative merits of the two grinders in doing the work assigned. And they 
probably do. The conclusion drawn in each cas^ was adverse to the 
Chilean mill as a fine-grinding machine. However, the duty placed 
upon the machines was that of converting material that had already been 

♦Assistant Superintendent, Portland Mill, 

1 Trans. (1916) 705. 
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made to pass a (1.27-cm.) screen to a product that would practically 

pass a 20-mesli screen. Its competitor in each case was a machine known 
to give the greatest efficiency in making a reduction upon just this type 
of feed or finer. 

The two articles mentioned, after recording the data from the tests, 
draw their conclusions: The outstanding and important one is the in- 
ferior mechanical efficiency of the Chilean mill. The other conclusion 
wherein the Chilean min fails is its inability to compete in comparative 
costs of operation and repair. The same conditions that made the 
Chilean mill mechanically inefficient also made the cost comparison place 
it in the gama category. Hence this paper will be confined to showing 
how the efficiency of a Chilean mill may be increased greatly over that 
recorded in either of these two tests. 

The first of these articles, that by Robert Franke* has been given wide 
publicity and its results apparently accepted with two possible exceptions; 
one a protest in favor pf fairer treatment of the Chilean mill by Herbert 
Megraw* and -the other a doubt as to conclusions drawn by Mr. Franke, 
as indicated by Arthur 0. Gates.* 

The test was made over a considerable period of time with parallel 
arrangement of machines. The feed and product were such as to allow 
one machine to perform with its best efficiency. Mr. Franke, in uphold- 
ing this particular mill as a result of the Miarm tests, states that this m ill 
is not yet out of the experimental stage and points out the possibility 
of better performance. In the light of developments since that time 
he was imdoubtedly right, as the' null has become a more flexible 
machine as to the character of its feed and output. By his silence in 
reference to the Chilean mill one may conclude that its experimental 
stage was long ago past, and yet a minus feed was apparently 

considered fair for it. The Chilean mill would seem to be the less under- 
stood of the two machines. 

The second article dealing Tvith a comparison based upon data 
gathered from a parallel nm is that by F. C. Blickensderfer.® These 
tests were conducted at the concentrator of the Detroit Copper Mining 
Co. at Morenci, Anz., in order to test the relative grinding efficiencies of 
three different milla . These mills were operated under practically parallel 
conditions. The criticisms as a result of these tests by Mr. BUckensderfer 
are gimilnT to those of Mr. Franke based on the Miami tests, as far as the 
Chilean mill is concerned. 

In his comparison of costs, Mr. Blickensderfer condemns the Chilean 
mill for its numerous auxiliary parts, as screens, screen frames, muUers, 
feed ^oute, plows, mortars, and the power. Of the points mentioned 


‘Tram. (1913) 47, 60. » ^nff. & Min. Jtd. (Nov. 15, 1913). 

* Trans. (1913) 47, 68. * Trans. (1916) 66, 678. 
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that are serious enough to be considered, the screens must be made up 
upon the frames ready to put into the mill; the muUers and dies too must 
be replaced when worn out, but as for feed spouts and mortars, there is no 
cause for considering the matter of costs after original installation. 
Plows are not used at all by the Portland. 

My purpose in this paper is to indicate where a very radical change 
might have been made in these tests in the performance of the Chilean 
mill. In justice to that machine I contend that a comparative test 
has not yet been made, or at least not published, where the true relative 
eflS.ciencies have been obtained. 

Fine-grinbing Installation at the Inbependence Mill 

The primary grinders consist of six 6-ft. (1.8-m.) Wellman-Seaver- 
Morgan Akron Chilean mills, taking as a feed the product from two 20 by 
72-in. (50.8 by 182.8-cm.) Allis Chalmers rolls of the Garfield type. Sec- 
ondary grinding upon the classified sands from the Chilean mills is done 
with six 6 by 6-ft. baU-miUs made by the Colorado Iron Works. The 
baU-nodlls discharge to Akin classifiers, which return the sands in closed 
circuit. Each Chilean mill and ball-mill is driven by a 100-hp. motor. 
The twelve Akin classifiers are operated from one line shaft driven by a 
10-hp. motor. AH plunger feeders supplying the ore to the mills are 
driven by one motor of 8-hp. from a common line shaft. 

This installation of Chilean mills was the result of 8 years of experi- 
ence on Cripple Creek ores at the Victor plant. There, however, the 
discharge passed through 18- or 30-mesh screens directly to gravity 
tables. This installation was always satisfactory and would “undoubtedly 
have been followed at the Independence plant had there been no possi- 
bility of handling higher grade of ore than at the Victor mill. Metal- 
lurgicaUy, a Chilean mill will give a Cripple Creek ore of $3 or less grade 
an efl&cient commercial grind for cyanide purposes through a 30 -mesh 
screen, making unnecessary a regrind, except upon a small bulk of mid- 
dlings, which may be taken care of in one baU-mill in a plant of 1400 tons 
original feed. Due to the possibility of a higher grade ore than J3, it 
was deemed advisable to install a classification and baU-mfll system of 
regrinding. This combination would assure any necessary flexibility of 
operation as a result of varying grades of heads to the mills. High ton- 
nage and the consequent coarser grind could be practised with $3 or 
less Tnill heads, while a fine grind with a less resultant tonnage would 
assure good metallurgical work upon the higher grades of ore when they 
came. Four baU-miUs at present take care of the classified sands from 
six Chilean milla and are capable of adding to the work already done by 
jjhe Chilean tyiiUh so as to give a combined overflow from both sets of 
classifiers of sufiB^cient fineness to assure the commercial tailing on the 

VOL. ixra. — ^33. 
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present grade. Five Chilean mills are driven at 37 r.p.m., the sixth at 
29 r.p.m. due to its lack of proper steel shafting. The direction of rota- 
tion is not the same on aU mills: this allows pinion gears to be worn on 
both sides of the teeth by changing to a mill of opposite direction of rota- 
tion. The power is maintained at approximately 110 hp. Feed to mills 
is a maximum of to 2^^ in., while the ratio of feed pulp is main- 
tained at about 3 to 1. 


Delays 

The regular shutdowns in the ordinary operation of Chilean mills is, 
first, a daily one on each mill for oiling and examination of steel and other 
parts, if necessary; this is an actual loss of 20 min. running time per mill. 
Screens and steel each necessitate a shutdown for replacement. One 
source of delay is avoided at the Independence plant; that is the stopping 
of the mills to take out stray pieces of steel, as drill bits, sledge hammers, 
and similar material ' that the magnet has missed. While oiling, the 
operator generally throws out some of this. However, it is not a menace, 
but on the other hand probably aids the attrition action on the ore. 
With a fine feed, where mullets and die are in close proximity, stray steel 
is a cause of delay as well as a source of danger of breakage of mill parts, 
due to the bumps the mullere get under these conditions. Sec Table 10. 

Estimation of Tonnage 

Since practically all input to the mill is Portland ore, the necessity is 
lacking' for an elaborate weighing system. The mine department has a 
check based on cars delivered, while the method used by the milling 
department has proved very satisfactory at the Victor mill, where there 
was less tonnage and an opportunity for a careful comparison with the 
mine methods. Once every other day, each m i ll is stopped, and the feed 
is made to discharge into a box for twenty strokes of the feed plunger. 
This is weighed and the average of the five latest weights is kept and 
applied as a factor to the number of strokes taken by the plunger as 
indicated on the recording counter for the previous 24 hr. This consti- 
tutes the mill tonnage for each day’s run. This method may appear 
crude, but it has the advantage of allowing complete data for each mil Ion 
steel, screens, and delays based on the individual tonnage of that unit. 

ScEfiBNS 

During operation at the Victor mill, which is now shut down, 30-mesh 
screens were used on the better grades of ore, from $2.60 to $3.20 average, 
and 18-mesh on that from $2.60 down to $2. The reason for this 
screen choice was to obtain the most economical balance of grinding costs, 
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tonnage, and tailings losses, while still being able to subject the product to 
tabling. 

At the Independence plant conditions are somewhat different, and 
the necessity for a finer grind than is possible with 30-mesh screens would 
probably arise. However, to obtain commercial success so far, tonnage 
has been the governing element rather than a fine degree of grinding. 
In other words, the grade of the ore has so far justified only a comparative 
coarse grind and has demanded a considerable tonnage. This has 
necessitated the use of coarse screens — 6-mesh on five of the Chilean 
mills with the consequent high tonnage and the corresponding decreased 
grinding reduction. One mill has been maintained with 18-mesh screens 
to take care of any higher grades of ore. Many screens with openings 
ranging between 6- and 30-mesh have be'en used. Made-up screens 
upon frames are at hand for each mill and, consequently, the delay due 
to taking out old and putting in new screens is only 10 min. on the average; 
with 6-mesh screens, the life is so long that total delays due to this re- 
placement are small. The helper makes up the screens ready for use 
during spare time from regular operation. 

It is not necessary for the operator to give as close attention to small 
breaks in the screens as it was in the Victor plant where oversize was 
immediately a menace upon the tables, and in the launders and pumps. 
The ball-mills will take care of small amounts of oversize for a short time 
without serious inconvenience in the concentrator department. See 
Table 12. 


Steel 

The dimensions of the dies and muUers are given in the table on steel 
consumption with the corresponding weights into and out of the mill. 
Wearing of steel is the all-important element, for by the proper setting 
of the mill from day to day the maximum tonnage and grind may be 
obtained with the least consumption of power and steel. As the steel. of 
dies and mullers is wearing at a defibnite rate for every ton of ore, it is 
necessary for the head operator to set the mill each day, in order to 
balance the relative position between die and mullers. The latest mills 
are so constructed that the trunnion shaft is, in reality, hinged on the 
drive head, allowing the muUer to raise and lower without any stresses on 
the mill proper. This arrangement places the weight of the muUer core 
plus the muller on the die at all times. The mill is so set that the muUer 
wUl revolve upon practically a horizontal trunnion shaft when running 
at 110 hp.; that is, the plane through the center of the muUer will be a 
vertical one. Each day the drive head must be lowered to maintain this 
plane vertical for the muUers and thereby assure even wear of the muUers 
and die. For example, if a mfll is continually set for 110 hp. and run 
at 90 hp., the steel wiU wear too fast on the inner edge of the die arid outer 
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edge of the nmllers and will come out of the mill heavy. The raising 
lowering of the drive head is done with a hand wheel and may be accoi 
plished while the mill is running. When a new die or muller set is plac 
in the mill, the best work will not be possible until the concaving of t 
steel is well started. Aside from all varieties of steel, stone and cast-in 
dies have been tried; these latter were not successful. For those w] 
may not be familiar with the shape the steel takes in wearing, referen 
may be made to Fig. 1. While the setting of steel each day requii 
a man who gives considerable attention and study to this work, we ha 
had no trouble in training men to do it. 

The method of replacing steel tends to the least possible loss of tiir 
A traveling Whiting 8-ton electric crane is installed over the length 


< 1 - H 



Ore 



Worn Out Mullers 




Worn Out Die 
Weight 2SS * 


Fig. 1. — Mxjllers and die about as they appear when operating with oi 

BETWEEN. AliSO THE SHAPE TAKEN BY THEM. ThE WORN OUT STEEL IS AS GOOD J 
WE EVER GET AND BETTER THAN THE AVERAGE, 


the Chilean mill floor and one end extends over points of steel storaj 
and working space. An extra set of muller cores on trunnion shafts wit 
mullers wedged on and ready for immediate installation on any mil 
is always at hand. MuUers are wedged to their cores with both sof 
and hard-wood wedges. Hard wood is more effective in preventin 
slippage when the mullers become thin. Dies are keyed in and concret 
used to insure no slippage when the die becomes thin. The time coi 
sumed for these changes is indicated in the accompanying tables. Se 
Table 11. 


Effect op Speed of Mill 

During our experience with Chilean mills, the speeds have varied froi 
29 to 41 r.p.m. The increased speed will naturally give a greater C£ 
pacity, and efiSciency is also increased. Steel and screen consumptio; 
are approximately in proportion to the totmage, while total delays a 
high speed are greater, as would be expected. The mina are equipped 
with special steel trunnions shaftings and with correspondingly stroni 
thrust bearings to take care of the increased mechanical strains. Se 
Table 1. 
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Effect of Feed Pulp Dilution 

Apparently a Chilean mill does its best work when the feed pulp 
dilution is about 3 to 1. The splash under the dilute conditions gives the 
mill the appearance of having an excess of '^Pep/^ Operators, on this 
account, very much prefer to run imder these conditions. The actual 
gain over 1 to 1 feed conditions is capacity. The efSciency remains the 
same, or nearly so, under either condition, since the reduction of the ore is 
greater when a thick pulp passes to the mill. Classification demands 
about 3 to 1 feed dilution at the Independence mill . See Table 3A. 

Other Features of Chilean Mills 

Early in our experience gear bolts on the bevel drive gave much 
trouble. Split gears were considered at that time a necessity from the 
standpoint of accessibility to the mill in case of gear breakage. Solid 
gears were tried and proved satisfactory in every respect, even though 
the mill must be torn down to replace. Fortimately, these replacements 
are seldom necessary. 

Standards and protection plates demand attention due to the ordinary 
wear, which is small. 

The distributer used has been evolved from a less satisfactory one. 
The feed pipes were 4 in. (10 cm.) in diameter, which allowed sticks of 
wood and slabs of rock to block them. This necessitated a shutdown 
and the punching of the distributer pipe. Aside from the delay the 
clutch suffered greatly. These pipes were increased to 6 in. (15 cm.) 
and gave very little trouble and then only when long sticks of wood were 
not picked and the ore was extremely slabby and coarse. To make 
negligible this possible delay, a new distributer with six 6-in. openings 
instead of three has been in use for the past 5 mo. and has practically 
eliminated the plugging of these pipes, and the consequent loss of run- 
ning time. 

The construction whereby the space between the die and screen 
is made as small as mechanically practical is essential for efficient work 
in the mill. 

The clutches on the mills at the Independence are 100 hp. and too 
light for the work; this has caused loss of time that would otherwise be 
saved. 

Relation of Tonnage to Efficjency 

Tonnage and efficiency are closely allied to the position of the splash 
with reference to the screen. The efficiency does not rise with tonnage 
to any great extent. Unless the splash against the screen is free, the 
efficiency will not be a maximum. With a high or new die it is easily 
possible to increase the tonnage to a point where the consumption of 
power is out of proportion, or the mechanical efficiency is poor. This is 
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due to part of the force of the splash being lost by hitting above the screen. 
A low die gives the best chance for the mill to maintain the greatest 
duty, although the increase over a comparatively new die is not great. 
Tons per horsepower are not greatly at variance whether 100 hp. is 
maintained or 120 hp. 



Fig. 2. — ^Plot sheet No. 1. 

The grinding problem on Cripple Creek ores is much more serious 
than similar operations in most districts. The ore consists of phonolite, 
syenite, breccia, and some granite and resists greatly the grinding effort 
applied, whatever type of grinding machines is used. It may be termed a 
very hard and tough ore. I regret that we are not equipped to carry on 
parallel tests between Chilean mills and other types of machines, as it is 
admitted that this is the only absolutely satisfactory method. This 
paper therefore cannot compare two grinders directly. The object is 
to point out in- detail the fundamental cause of failure of Chilean mills 
where parallel runs have been conducted. 

Test runs have been made in order to compare the work done at the 
Independence plant and that done at Miami and Morenci by the Chilean 
mill, even though the ore is of an entirely different nature. The mills at 
the Independence are fed with a rolled product of which the largest 



LUTHER W. LENNOX 


519 


piece may be 3 to 4 in. in length, 2 or 3 in. wide and 1 in. thick. This 
shape of rock is the result of the slabby nature of certain of the ores — 
phonolites. The feed may therefore be rated as coarse for fine grinding 
work. The reduction made upon this feed with a Chilean mill varies 
greatly with the tonnage and screen used. 

The Chilean mills at the Miami and Morenci plants, and in many 
other plants, have been subjected to a fine feed condition — ^less than in. 
at Miami and 4-mesh at Morenci. A method has been devised at the 



Fig. 3 . — ^Plot sheet No. 2. 

Ik - 

Independence to approach the product used as a feed during the com- 
parative tests at Miami and Morenci. This product was the classified 
sand from Chilean mills where 6-mesh screens were used and became the 
feed to one of our regular Chilean mills. Using tMs mill as a representa- 
tive of the Miami and Morenci tests in competition with one of the 
regular mills with normal coarse feed^ we have a comparative test on two 
Chilean mills with all conditions the same except feed size. In anticipa- 
tion of a qiticism I will state that it was impossible to get a screened 
product of original orb for tibis purpose. However, the return 

and nuxed feed tests iroMdic^itethaJfe the classified sands did not inter- 
fere with the good woA oi &e wMe sm tests have proved to us 
that the sands were lhan tbe^average of i the oro. 
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Under the fine-feed conditions, the power upon the mill was held at 
maximum, but at that it was found impossible to get more than 80 pi 
cent, of that normally used during coarse-feed conditions. As tonna^ 
was increased, the mill gradually filled up above the screen; yet the pow< 
could not be raised. But in return for the limited power that may 1 
forced into the mill for conversion into work, by reduction of the ore, thj 
degree of reduction, combined with its tonnage, is not suJfficient to brir 
the mechanical eflB.ciency to within 80 per cent, of that where coarj 


Chilean Mills with 18 Mesh Screens 



feed is maintained. See Table 3. The Chilean miU is not a fine grinder 
at least in being able to produce efficiently the extreme fines that a ball 
mill is capable of giving. Hence, it is natural to expect its efficiency ti 
fall when given a feed such that only extremely fine grinding will aUeT 
it to attain a respectable mechanical efficiency. Greater tonnage of thi 
fine feed is its only hope, and that it caimot handle due to the lack o 
quick-enough reduction to pass out through 20- or 30-mesh screens. 

K the mill is running normally with coarse feed at 110 hp. and ii 
suddenly stopped, the muUers and die will be found to have betweei 
them about 2 in. (5 cm.) at the closest point of contact, of combiner 
original feed of coarse mesh, and from that every size down to the finei 
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which have dropped back after having been rejected by the screen. 
This 2 in. at the edge of muUers and die becomes 5 in. of mixed sizes at the 
middle. With fine feed, the muller is closer to the die than it is under 
the coarse condition of feed, and no matter how great the tonnage the 
muller does not raise to the extent that it does where coarse feed covers 
the die. The muUers are plowing their way through the ore to be ground 
instead of passing on top of it. This characteristic of the muller when 
working on fine feed is, I believe, the underlying cause of the mechanical 
inefficiency of the Chilean mill when no coarse rock exists to give stability 
to the bed. No matter how heavy the load, a wagon will travel on top, 

Chilean Mills with 30 Mesh Screens 



Reciprocal Mesh 
"Fig. 5. — ^Plot sheet No. 4. 


or nearly so, of a crushed rock roadbed, but when it comes to a muddy 
part of the highway it pu^es the mud aside in an att^pt to find a solid 
foundation. 

The reduction erf the ore in the mill is the result of two actions taking 
place as the muller makes its passage over the die. First, a crushing and 
grinding of the particles oecum as the heavy muller pass’es over the rock 
bed — ^the dead friction due to the stationary 

die of steel ou roidr and an attrition action that may 

be termed grindk®. ; snriillem revolve about , the vertical 

a.Tna of the mill afid Ovd? ifefaob'irf tho <fie in a 6-ft. circle at the rate 
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37 r.p.m. They are set so as to wear evenly in thickness on the inside 
and outside edges. Consequently, when revolving, the tendency is 
to continue in a straight line or at a tangent, rather than to take the path 
over the die. Forcing the muUer to take this circular path will, therefore, 
cause an additional grinding or attrition action between steel and rock 
and rock and rock. This action in the mill may be likened to the hand 
work with a muller on a bucking board. We draw the muUer back and 


Performance of Chilean Mills on Portland Independence Ore, Victor, Colo. 1918-19 



Reciprocal Mesh 


The relative mechanical efficiency is considered as proportional to work done or mesh-tons per horse- 
power day. 


Fig. 6. — ^Plot sheet No. 5. 


forth in a straight line to crush, but on a hard ore we unconsciously find 
ourselves giving the muller a twist as we draw it along the board. 

Many tests that have been made have indicated that there is an un- 
explored field of operation for the Chilean miU in which considerable 
reduction may be given the ore without interfering with its efficiency. 
The natural and simple installation, where a fine product is desired, is to 
allow the Chilean mill to discharge through a comparatively coarse 
screen and classify and regrind in cylindrical grinders for the finer work. 
This is at present the practice at the Independence miU using 6-mesh 
screens. 
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Table 1. — Average of Long-time Runs u?ider Xormal Co?iditio 7 is. Refer 

to Fig. 2. 


Chilean-mill Screen Discharge 


Size 

^ B c , iB-„ 

. ^ 1 Mill 

e-mesh Screens IS-mesb Screens 30-mesh Screens (ESS™ 

37r.p.m. 37r.p.m. 37r.p.in. 


IVIesh Inch 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

1 

Plus 10 1 0.065 

2.2 

2.2 





1.0 

1.0 

Phis 14 1 0.046 

5.6 

7.8 

0.8 

0.8 

, .... 

.... 

6.7 

7.7 

Plus 20 1 0.0328 

11.7 

19. 5‘ 

5.1 

5.9 

1.1 

1.1 

11.3 

19.0 

Plus 28 ! 0.0232 

8.5 

28.0 

9.1 

15.0 

5.1 

6.2 

8.0 

27.0 

Plus 35 i 0.0164 

7.5 

35.5 

9.8 

24.8 

9.0 

15.2 

8.1 

35.1 

Plus 48 0.0116 

7.4 

42.9 

10.2 

35.0 

. 11.8 

27.0 

7.9 

43.0 

Plus 65 1 0.0082 

8.3 

' 61.2 

10.0 

45.0 

10.0 

37.0 

8.6 

51.5 

Plus 100 ' 0.0058 

8.3 

59.5 

10.2 

55.2- 

10.9 

47.9 

8.0 

69.6 

Plus 150 ; 0.0041 

6,1 

1 65.6 

6.3 

61.5 


56.0 

5.9 

65.4 

Plus 200 ! 0.0029 j 

6.2 

! 71.8 

i 7.5 1 

69.0 

! 8*5 1 

64.5 1 

6.9 

71.3 

Through 200 ! 0.0029 

28.2 

j .... 

1 31.0 

.... 

i 35.5 

• • » • 

28.7 


Coarse feed, tons per 24 

282.0 

! 

, 256.0 

• • » • 

! 175.0 

• • » » 

186.0 


Power, hp 

112.8 


i 114.2 •: 


' 100.0 


93.0 


Tons per hp.-day 

2.509 

' .... 

1 2.20 ' 


1.75 


1 2.00 

1 

Chilean-mill discharge, 
in average mesh 

164.0 

! . 

1 i 

1 184.0 i 


1 

207.0 


166.0 


Chilean-mill feed, in 
average mesh 

13.0 

i 

1 i 

1 i 

i 13.0 

1 

1 

13.0 i 


13,0 


Reduction, mesh 

151.0 


: 171.0 ! 

.... 

, 194.0 


153.0 


Mesh-tons per hp.-day . 

378.0 

1 

1 

1 376.0 

1 

342.0 

1 


306.0 



In order to gain information as to the possibility of a finished product 
in the one operation and the corresponding mechanical efGLciency, a pump 
returned the sands from a Chilean-mill ckssifier, normally discharging 
to the ball-miUs, to the ChUean-mill feed spout; that is, a closed circuit 
was maintained. The average results are shown in Tables 4-5. They 
would prove that the Chilean mill is capable of producing a product that 
is practically a finished one for the average plant, maintaining an effi- 
ciency comparable with its maximum under the usualmethod of operation. 
In referring to the various mesh tests and curves, it will be interesting to 
note the effect on the mesh of the mill discharge when handling this large 
tonnage, which includes the return. An original toimage of 220 to 240 
per 24 hr. where 6-inesh screens are used, and 185 tons where 18-mesh 
screens are used is a fair average. The corresponding reduction may be 
noted in the tables. 

These tests and resulting tabulations will indicate the possibility of 
the Chilean mill in the field of regrinding, where, however, a coarse 
original feed is maintained in the r^rinding mill. Whether the mill is 
used as a regrinder in series with another or in closed circuit, the out- 
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Table 2. — Special Tests. Six-mesh Screens on Chilean Mills. Re^er to 
Fig. 3. All Mills at 37 R.p.m. 


Size 


A 

Normal 

Chilean-mill 

Discharge 

B 

1 Closed-circuit 

1 Chilean-mill 

1 Discharge 

i 

! B 

1 Closed-circuit 

1 Sand Return 

! 

B 

Closed-circuit 

Classifier 

Overflow 

Mesh 

Inch 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

1 Per 

1 Cent. 

1 Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Plus 10 

0.065' 

3.5 

3.5 

12.5 

12.5 

28.0 

28.0 



Plus 14 

0.046 

6.1 

9.6 

7.5 

20.0 

14.5 

42.5 



Plus 20 

0.0328 

9.7 

19.3 

9.3 

29.3 

13.2 

55.7 



Plus 28 

0.0232 

7.5 

26.8 

10.7 

40.0 

11.8 

67.5 

3.5 

3.5 

Plus 35 

0.0164 

8.2 

35.0 

9.3 

49.3 

8.5 

76.0 

9.5 

13.0 

W 'Plus 48 

0.0116 

8.2 

43.2 

8.2 

57.5 

7.0 

83.0 

9.5 

22.5 

1 Plus 65 

0.0082 

8.1 

51.3 

7.3 

64.8 

4.8 

87.8 

9.8 

32.3 

* Plus 100 

0.0058 

8.2 

59.5 

6.8 

71.6 

3.7 

91.5 

10.3 

42.6 

Plus 150 

0.0041 

6.0 

65.5 

4.4 

76.0 

2.0 

93.5 

7.7 

50.3 

^ Plus 200 

0.0029 

5.3 

70.8 

4.1 

80.1 

0.5 

94.0 

7.7 

58.0 

Through 200 

0.0029 

29.2 

.... 

19.9 

.... 

6.0 

.... 

42.0 


Coarse feed* tons 

301.0 

.... 

216.0 






Fine return* tons 


.... 

302.0 

.... 

302.0 




Total screen discharge. 

I 








tons 


: 301.0 

.... 

518,0 






Power, hp 


111.0 

.... 

108.0 






Tons per hp.-day 

1 2.70 

.... 

2.0 






Screen discharge, mesh . 

' 166.0 

.... 

130.0 









222.0 




222.0 


Coarse feed, mesh 

13.0 

.... 

13.0 






Sand return, mesh 


.... 

60.0 

.... 

60.0 




Combined feed, mesh.. . 

13.0 

.... 

40.4 






Reduction, mesh 

153.0 

.... 

209.0 






Meah-tons per hp.-day . 

413.0 

.... 

418.0 







standing feature is the gaining of a high efficiency while doing this class 
of work. In the case of regrindmg of sands in series with another mill, 
the product or screen discharge is coarser than where original or coarse 
feed alone is applied, but the increased tonnage maintains the efficiency 
at a good figure. In the case of closed circuit, while the screen discharge 
is comparatively coarse, the product or weir overflow is sufficiently fine to 
offset the reduced tonnage. 

These tests, in which sands are a considerable part of the feed, would 
seem to be in opposition to the theories and statements m the earlier 
part of this article regarding the necessity of a coarse and the inadvis- 
ability of a fine feed. Apparently, the extremely coarse material gives 
such stability to the mass as to force the heavy mullers to pass over, in- 
stead of through, with every assurance that the interstices are well 
filled with granular fines ready for attrition action. Reference to 
Tables 6-7 will show that where the sand return is heavy or is the pre- 
dominating portion of the feed, the mechanical efficiency falls. 

I have attempted to take up all the features that have led to the 
present position of the Chilean mill in the scale of popularity. As stated 
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Table 3 . — Performance of Chilean Mill viitk Fine Feed. Refer to Figs. 
4-5. All Mills at 37 R.p.m. 


Chilean Mill with 18-mesh Screens i 

1 

Chilean Mill with 30-mesh Screens 
B“F’* 


Feed 

Discharge 

Feed 

Discharge 



Cum. 


Cum. 


Cum. 


Cum. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent.; Per Cent. 

i 

Per Cent. 

Per Cent. 

Plus 10 

16.3 

16.3 


.... 

15.8 

15.8 



Plus 14 

8.5 

24.8 

1.4 

1.4 

9.2 

25.0 



Plus 20 

10.3 

35.1 

7.1 

8.5 

10.1 

35.1 



Plus 28 

14.6 

49.7 

14.4 

22.9 

12.6 

47.7 

5.5 

5.5 

Plus 35 

12.2 

61.9 

12.6 

35.5 

12.0 

59.7 

15.0 

20.0 

Plus 48 

13.2 

75.1 

13.3 

48.8 

11.7 

71.4 

14.1 

34.1 

Plus 65 

8.9 

84.0 

11.0 

59.8 

10.2 

81.6 

13.6 

47.7 

Plus 100 

6.6 

90.6 

10.0 

69.8 

9.0 

90.6 

12.5 

60,2 

Plus 150 

2.7 

93.3 

5.4 

75.2 

3.4 

94.0 

6.7 

66.9 

Plus 200 

2.2 

95.5 

5.2 

80.4 

2.9 

96.9 

6.2 

73.1 

Through 200 

4.5 

.... 

19.6 

.... 

3.1 


27.0 


Ratio pulp. . . . 



1.3 to 1 




2.0 to 1 


Coarse feed, tons 


None 



.... 

None 


Fine feed, tons 



306.0 

.... 

.... 

.... 

252.0 


Powwr, hp 



78.0 

.... 

.... 

.... 

82.4 


Tons per hp.-day 


3.92 

.... 


.... 

3-06 


Screen, discharge mesh. . . 


146.0 

.... 

.... 

.... 

176.0 


Feed, mesh. . . 



74.0 

.... 

.... 

.... 

74.0 


Reduction, mesh 


72.0 

.... 

.... 


102.0 


Mesh-tons per hp.-day.. . 


282.0 

.... 

.... 

.... 

312.9 



Compare mth Table 4, Coarse feed. Mesh-tons per horsepower day, 372-399^06. 


earlier, most of the criticism revolves about its relative mechanical effi- 
ciency — ^the work done in return for the dollars expended in power. The 
only method that appeared possible to adopt, in order to prove that a 
Chilean mill is. efficient, is the one 1 have adopted in order to gain a 
comparison beiiween a Chilean mill in Arizona and one at the Independ- 
ence plant — ^that at Miami working on fine feed and at Independence on 
coarse feed. At the Independence plant, the fine feed deprives the 
Chilean mill of at least 20 per cent, of its efficiency. At Miami and 
Morenci all conclusions were based upon fine-feed conditions and the 
Chilean mills were discarded. In referring to relative feeds at Miami 
and Morenci and the fine feed at Independence, it may be noted that the 
feed at Miami is coarser than the prepared feed at Independence, yet 
the largest piece in the Miami feed is not as large as 65 per cent, of the 
normal coarse feed at Independence. Undoubtedly the Miami feed of 
minus M would allow the Chilean to do better work than that at 
Morenci on minus 4-mesh; yet the same general criticism of all fine feeds 
involved at Miami, Morenci, and Independence may be made — ^that 
the coarse bed necessary to hold these fines was lacking. As for other 
criticisms, reference may be made to Tables 9 to 12 for costs and loss 
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Table 3A 

Effect of Feed-pxji,p Dilution to Mill. Average op Tests With IS-mesh Screens. Regular 

Coarse Feed 


Discharge From Mills 
A B 



Per Cent. 

Cum. 

Per Cent. 

Per Cent. 

Cum. 

Per Cent. 

Plus 35 

23.8 

23. 

8 

27.2 

27.2 

Plus 48 

9.0 

32 

S 

9.9 

37.1 

Plus 65 

8.1 

40 

9 

8.2 

45.3 

Plus 100 

9.4 

50 

3 

9.4 

64.7 

Plus 150 

6.4 

56 

7 

6.2 

60.9 

Plus 200 

7.2 

63 

9 

6.9 

67.8 

Through 200 

36.1 

.. 


32.2 


Ratio pulp 

1.68 to 1 

. . 


3.66 to 1 


Input, tons 




241.0 


Power, hp 

110.4 



110.5 


Tons per hp.-day 

1.99 



2.18 


Screen discharge, mesh 

199.5 



182.5 


Coarse feed, mesh 

13.0 



13.0 


Redaction, mesh 

182.5 



169.5 


Mesh-tons per hp.-day 

363.0 



370.0 



Average of All Feed Samples to Chilean Mills Over Long Period. Used In All Calcula- 
tions OF Coarse Feed to Mills 




Per 

Cent. 

Cum. 

Per 

Cent. 



Per 

Cent. 

Cum. 

Per 

Cent. 

Plus 

2 in 

12.2 

12,2 

Plus 

20 mesh 


94.3 

Plus 

IH in 

14.0 

26.2 

Plus 

28 mesh 

0.9 

95.2 

Plus 

1 in 


42.0 

Plus 

35 mesh 

0.7 

95.9 

Plus 

Hin 

12.8 

54.8 

Plus 

48 mesh 

0.7 

96.6 

Plus 

Kin 

12.0 ■ 

66-8 

Plus 

65 mesh 

0.5 

97.1 

Plus 

4 mesh 


84.0 

Plus 100 mesh 

0.6 

97.7 

Plus 

6 mesh 

5.5 

89.5 

Plus 150 mesh 

0.4 

98.1 

Plus 10 mesh 

3.0 

92,6 

Plus 200 mesh 

0.4 

98.5 

Plus 14 mesh 

0.9 

93.4 

Through 200 mesh 

1.6 



of running time. These items are hard to compare on machines operat- 
ing in different plants on different ores, but I do feel that the criticism 
made against the Chilean mill in these lines, being based on conditions 
that involved inferior mechanical efficiency, would necessarily be un- 
favorable as to costs and delays as well. 

The production of excess slimes for which the Chilean mill has been 
at times condemned may be decidedly improved by proper screens and 
classiff cation. 

Before referring to the plots and the conclusions deduced from them, 
I wish to state that a great many test rims have been condensed into a 
comparatively small number of averages. From these records certain 
conclusions have lieen drawn. I ask those who do not approve of Ritt- 
inger’s law of grinding, and Gates’ application to plots to take the data 
or log of tests and from these draw their conclusions. These conclusions, 
I believe, will bear out in general the statements herein made. The 
main object and conclusions for which this paper is writt^ do not depend 
on whether Rittinger or Kick and Stadler is correct. 
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T.\ble 4. — Aierages of Special Tests. l8-}7iesh Screens on Chilean Mills. 
Refer to Fig. 4. All Mills at 37 R.p.tn. 


Siae 


Normal 


Closed Circuit Mixed Feed 


Chilean-mill 

Discharge 


Chilean-mill 

Discharge 


Sand Return 


Classifier 

Overflow 


MiU 

Discharge 


Mesh 

Inch 

A 



B 



C“M'’ 



’ Per 

CeS. 

Per 

Cent. 

0^0 
(D POd 

Per 

Cent. 

Pe>- 

Cent. Cent. 

1 

1 Cum. i 

i i 

; Cent. ! 

Per 

Cent. 

Cum. 

Per 

Cent 

Plus 14 

0.046 




2.0 

1 2.0 .... 


.. 

1.4 

1.4 

Plus 20 

0.0328 

8.0 ; 8.0 

8.0 , 

8.0 

15.3 

; 17.3 i .... 


• 

5.7 

7.1 

Plus 28 

0.0232 

1 8.9 ! 16.9 

11.2 

19.2 

23.5 

! 40.8 , 0.8 

‘ 0 

8 

10.9 

18.0 

* Plus 35 

0.0164 

8.8 25.7 

12.1 ! 

31.3 

18.7 

; 59.5 j 4.2 

: 5 

0 

9.5 

27.5 

Plus 48 

0.0116 

: 9.3 : 35.0 

11.9 : 

43.2 

15.5 

1 75.0 ^ 7.4 

12 

4 

11.4 

38.9 

Plus 65 

0.0082 

! 9.0 , 44.0 

10.2 

53.0 

9.0 

; 84.0 ! 10.6 

23 

0 

10.4 

49.3 

Plus 100 

0.0058 

1 8.9 ' 52.9 

8.8 1 

61.8 

6.0 

! 90.0 1 11.8 

! 34 

8 

12.2 

61.5 

Plus 150 

0.0041 

! 7.1 i 60.0 

6.9 ! 

68.7 

4.3 

i 94.3 i 8.9 

; 43 

7 

6.8 

68.3 

Plus 200 

0.0029 

1 7.0 ' 67.0 

5.9 ' 

74.6 

0.7 

! 95.0 ; 9.3 

' 53 

0 

6.7 

75.0 

Through 200 

0.0029 

33.0 : .... 

25.4 1 

.... 

5.0 

,....! 47.0 



24.6 

.... 

Coarse feed, tons. 


225.0 .... 1 

184.0 ; 



.... ■ 



193.0 


Fine return, tons. 


' 1 

190.0 1 

190.0 


. , 


154.0 


Total screen discharge, 










tons 


i225.0 .... 

374.0 i 







347.0 


Power, hp 


il05.7 .... 

107.0 i 






104.5 


Tons per hp.-day. 


2.13 .... 

1.72i 






3.32 


Screen discharge, mesh. . . 

187.7 .... 

162.2 1 

.... 


1 , 

. . . 


167.0 


Classifier overflow, mesh.. 


245.0 ; 



' .... 245.0 





Coarse feed, mesh 

13.0 .... 

13.0 1 



! 

! , , 


13.0 


Sand return, mesh 

! . . . 

80.6 j 


80.6 

} .... ..... 

. . . 


84.0 


Combined feed, mesh 

i 13.0 .... 

48,0 j 




1 . . 


44.5 


Reduction, mesh. 


1174.7 ; .... 

232.0 1 



1 

1 , . 


122.5 


Mesh-tons per hp.-day. . . 

,372.0 

399.0 j 



' 1 

1 • • 


406.0 

1 



The detailed records contained in tables may be condensed to the 
folio-wing: The Chilean mill is capable of reducing the hard, refractory, 
Cripple Creek ore from minus in. in the following degrees: -with 
6-mesh screens, 275 to 300 tons per 24 hr. to 28.5 per cent, through 200- 
mesh at the rate of 2.5 tons per horsepower-day; -with 18-mesh screens, 
240 tons to. 32 per cent, through 200-mesh at the rate of 2.2 tons per 
horsepower-day; with 30-mesh screens, 175 tons to 35 per cent, through 
200-mesh at the rate of 1.75 tons per horsepower-day. 

In Closed Circuit. — ^With 6-mesh screens, 200 tons to 42 per cent, 
through 200-mesh at the rate of 1.86 tons per horsepower-day (these 
figures have been reduced from actual test averages, to make the state- 
ment absolutely conservative from the standpoint of long-time runs, 
where results were not as good as test runs); with 18-mesh screens, 
185 tons to 47 per cent, through 200-mesh at the rate of 1.72 tons per 
horsepower-day; with 30-mesh screens, 130 tons to 52 per cent, through 
200-mesh at the rate of 1.31 tons pfer horsepower-day. 
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Table 6 . — Averages of Special Tests. SO-mesh Screens on Chilean Mills. 
Refer to Fig. 5. All Mills at 37 R.p.m. 


Normal 


Closed Circuit 


Mixed Feed 


Size 


Chilean- Chilean- 


i^niiean- ! i Chilean- 

mill mill ! 1 ! Fine Feed ^ mill 

Discharge , Discharge ' Return j Overflow j , i:)ischarge 


C“M’* 


Mesh 

Inch-^ 

j 

Per 

Cent. 

Cum. 

Per 

Cent. 

■p^T. Cum. 
C®°^-,Cent. 

Per 

Cent. 

!Cum. 
i Per 
i Cent. 

Per 

Cent. 

1 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Plus 10 

10.065 

j 

...J .... 





15.3 

15.3 


j0.046 

: 


i . . . . 





9.0 

24.3 

Plus 20 

0.0328 

0.5 

j 0.5 

.... 

0.2 

1 0.2 

' 0.7 

j 0.7 


.... 

10.7 

35.0 

Plus 28 

jo. 0232 

3.3 

4.8 

i 5.9 

6.1 

12.6 

13.3 

.... 


12.6 

47.5 

Plus 35 

10.0164 

10.0 

14.81 12.4 

18.5 

21.9 

35.2 

1.1 

1.1 

12.0 

59.5 

Plus 48 

0.0116 

11.0 

25. Si 15.6 

34.0 

24.4 

59.6 

4.5 

5.6 

11.6 

71.1 

Plus 65 

0.0082 

10.6 

36.4 

12.5 

46.5 

16.6 

76.2 

9.0 

14.6 

10.6 

81.7 

Plus 100 

10.0058 

10.6 

47.01 12.0 

58-6! 10.8 

87.0 

12.8 

27.4 

8.6 

90.2 

Plus ISO 

jo. 0041 

9.0 

56.0! 6.8 

65.4 

4.1 

91.1 

9.6 

37.0 

3.8 

94.0 

Plus 200 

0.0029 

9.0 

65. Oi 6.9 

72.4 

2.8 

93.9 

10.9 

47.9 

2.9 

96.9 

Through 200 

10.0029 

35.0 


27.6 

.... 

6.1 


52.1 



3.1 


Coarse feed to Chilean 











■mill, tonsa 




131.0 








Firifk input, 



147.0 


147.0 






Total screen discharge, 











tons . 



184.0 


278.0 








Power, hp.. 

104.5 


100.0 









1.76 


1.31 








SoroAn fliq«liftrg;A, mAsh 

203.0 


180.0 











263.5 




263.5 






13.0 


13.0 







Sand retiitm. mAsh 




105.5 


105.5 






Combined feed, mesh 1 



62.0 








Reduction, mesh. . 



190.0 


250.6 


. . . . . 




• e » • 

! .! . 

Mesh- to ns per hp.-day.. . 

332.0 


328.0 






— 



Per 

Cent. 


Cum. 

Per 

Cent. 


6.0 

15.0 
13.3 

11.7 

12.0 
9.8 
6.2 

27.01 

94.0 

188.0 

282.0 

101.8 

2.77 

181.4 

13.0 

77.0 

55.8 
125.6 


5.0 

20.0 

33.3 

45.0 

57.0 

66.8 

73.0 


The results in Table 5 indicate that a Chilean mill is not as eflScient with 30-mesh screens as with 
the coarser mesh screens. 


The Chflean mill is capable of taking the classified sands from a 6- 
mesh screen and grinding them with minus 2^-in. original feed at the 
same time maintaining a good efficiency. The Chilean min- is not cap- 
able of maintaining a good efficiency on a feed of fine material as nainus 
6-mesh sands unless a coarse feed containing 1}-^- to 2^-in. size material 
is fed with the fines. Compare results, Table 4C‘'M” and Table 3. 

The costs, includii^ operation, repairs, replacements, and power, are 
not out of proportion for the class of work done. The loss of runixing 
time due to repairs and replacements on the Tnills is not excessive. While 
the Chilean mill is not capable of furnishing a finished product of, say, 
5 per cent, on 48-mesh as a screen discharge, efficiently, there is a very 
promising field of experiment with every chance of success in obtaining 
this product, and with niechanical efficiency. 
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Table 6. — Special Tests to Indicate the Range of Final Dischatge from 
Mill in Closed Circuit with Light and Heavy Return. Q^-mesh Screens 
on Mills. All Mills at 37 R.p.m. 

{ A I B 

- L _ 


Mesh 


Chilean-mill j Classifier 
Screen discharge Overflow 


Chilean-mill 
Screen Discharge i 


Classifier 

Overflow 



Per Cent. 

Cum. 
Per Cent. 

1 

Per Cent. 

i 

Cum. 
Per Cent. 

Per Cent. 

Cum. 
Per Cent. 

Per Cent. 

Cum. 
Per Cent. 

Plus 10 

13.0 

13.0 



14.7 

14.7 



Plus 14 

7.3 

20.3 

• • . • 

.... 

7.1 

21.8 



Plus 20 

7.7 

28.0 

.... 

.... 

7.8 

29.6 



Plus 28 

9.6 

37.6 

.... 


10.7 

40.3 



Plus 35 

7.2 

44.8 

16.2 

16.2 

8.7 

49.0 

9.9 

9.9 

Plus 48 

7.9 

52.7 

9.6 

25.8 

8.8 

57.8 

8.4 

18.3 

Plus 65 

6.6 

59.3 

8.9 

34-7 

6.7 

64.5 

9.2 

27.5 

Plus 100 

7.5 

66.8 

10.6 

45.3 

7.0 

71.5 

11.2 

38.7 

Plus 150 

4.6 

71.4 

7.1 

52.4 

4.0 

75.5 

7.9 

46.6 

Plus 200 

5.4 

76.8 

8.0 

60.4 

4.5 

80.0 

8.9 

55.5 

Through 200 

23.2 

.... 

39.6 

.... 

20.0 


44.5 


Coarse feed, tons 

251.0 

.... 



198.0 



Fine return, tons 

217.0 

.... 



' 310.0 



Total screen 

discharge, 








tons 


468.0 

.... 

• • * • 

« • * • 

508.0 



Power, hp 


117.5 

.... 

• • • • ’ 


106.0 



Tons, per hp.-day 

2.14 

1 •••• 

• • • • 

.... 

1.87 



Screen discharge, mesh. . . 

i 141.0 

1 .... 

• • • • 


129.0 



Classifier overflow, mesh.. 

212.0 

1 

• • * * 


232.0 



Coarse feed, mesh 

13.0 

.... 

• • « « 


13.0 



Sand return, mesh 

59.0 

.... 

• • • » 


1 63.0 

1 


Combined feed to mill, 








mesh 


35.0 

.... 

• • • « 

• • ■ • 

44.0 



Reduction on 

original, 








mesh 


199.0 

.... 

• • • « 

* • • « 

219.0 



Mesh-tons per hp.-day, . . 

426.0 

— 

— 

.... 

410.0 




I have not intended to convey the idea that because Chilean mills 
are not universally used the world is wrong, nor do I pretend to intimate 
that any particular installation of other type of grinders is not justified. 
I am in no position to attempt to judge these points. But I do want to 
feel that the long-standing and continued attack upon the Chilean mill 
has at last brought forth a defence, which I hope will be deemed a worthy 
one. If the Chilean mill is as bad as^it is painted, the years of grinding 
operations on Cripple Creek ores have been years of large, imnecessary 
expense to the Portland Gold Mining Co. in inefficient work, and we do 
not feel that this is so; rather, on the other hand, that the necessary 
grinding on this hard, refractory ore has been done with the least expense 
possible.* Finally, I contend that the Chilean mill has just as much 
right to remain a member in good standing of the grinding-machinery 
association as any of those machines that are today making the wonderful 
strides they are in popularity. 

voi.. laciu. — ^34. 
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Table 7. — Special Tests to Indicate the Range of Final Discharge from 
Mill in Closed Circuit with Light and Heavy Return. 18-mesA Screens 
on Mills. All Mills at 37 R.p.m. 


a b 


Mesh 

Chilean-mill 
Screen Discharge 

i Classifier 

i Overflow 

Chilean-mill 
Screen Discharge 

Classifier 

Overflow 

Per Cent. 

1 Cum. 
,Per Cent, 

jPer Cent. 

Per Cent. 

Cum. 
Per Cent. 

Per Cent. 

Cum. 
Per Cent. 

Plus 14 

0.8 

1 0.8 

i 

) 

1 

0.6 

0.6 



Plus 20 

6.6 

1 7.4 

.... 

.... 

6.6 

7.2 



Plus 28 

11.3 

1 18.7 



13.5 

20.7 



Plus 35 

9.4 

■ 28.1 

; 8.8 

8.8 

12.1 

32.8 



Plus 48 

10.2 

38.3 

I 8.4 

17.2 

14.3 

47.1 

2.7 

2.7 

Plus 65 

8.3 

46.6 

1 9.0 

26.2 

11.2 

58.3 

7.1 

9.8 

Plus 100 

9.2 

55.8 

11.3 

37.5 

10.3 

68.6 

12.8 

22.6 

Plus 150 

6.0 

i 61.8 

7.9 

45.4 

5.6 

74.2 

10.1 

32.7 

Plus 200 

6.8 

• 68.6 

9.5 

54.9 

5.4 

79.6 

11.6 

44.3 

Through 200 J 

31.4 


45.1 


20.4 


55.7 


Coarse feed, tons 

199.0 



.... 

165.0 



Fine return, tons 

106.0 



.... 

281.0 



Total screen discharge, 








tons . 


1 305.0 j 



' .... 

446.0 



Power, hp 


104.0 i 

.... 


.... 

113.3 



Tons per hp.-day 

1.90 


— 


i 1.45 



Screen discharge, mesh. . . 

180.0 1 



.... 

147.0 



Classifier overflow, mesh.. 

235.0 



.... 

273.0 



Coarse feed, mesh 

13.0 




13.0 



Sand return, mesh 

i 84.5 




85.0 



Combined feed 

to mill, 








mesh 


37.6 



.... 

58.0 



Reduction on 

original. 








mesh. ........ 


222.0 

.... 

.... 

.... 

260.0 



Mesh-tons per hp.-day. . . 

421.0 

— 

— 

— 

377.0 




Table 8. — Performance of Chilean Mill with Low Power Consumption. 
l?>-7nesh Screens. All Mills at 37 R.p.m. 


Mesh 

Chilean-mill 

Discharge 

Per Cent. 

Cum. 

Per Cent. 

Plus 

14 

1.0 

1.0 

Plus 

20 

4.8 

6.8 

Plus 

28 

8.6 

14.4 

Plus 

35 

7.6 

22.0 

Plus 

48 

9.6 

1 31.6 

Plus 

. 65 

8.6 

40.2 

Plus 

. 100 

10.1 

50.3 

Plus 

150 

7.2 

57.5 

Plus 

200 

7.5 

65.0 

Through 200 

35.0 



Eatio pulp 2. 10 to 1 

Coarse feed, tons 171 

Fine feed, tons None 

Power, hp 84.1 

Tons per hp.-dajr 2.04 

Screen discharge, mesh 195 

Feed, mesh 13 

Reduction, mesh 182 


Mesh-tons per hp.-day 370 
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Table 9. — Fine-grinding Operation Costs at Independence Mill, for 1918; 

Tonnage, 441,435 



Chilean 
Mills and 
Clutches, 
Cost 

Classzeiebs, 

Cost 

Ball-mills, 

Cost 


Labor, operating 

$0.0120 

$0.0030 

$0.0050 


Repairs, general 

0.0089 

0.0006 

0.0015 


Steel 

0.0022 


0.0015 


Supplies, general 

0.0192 

0.0008 

0.0048 


Oils and grease 

0.0014 

0.0002 

0.0010 


Steel 

0.0674 


0.0457 


Screens 

0.0088 




Miscellaneous 

0.0007 


0.0004 


Power, electric 

0.0764 

0.0010 

0.0445 


Total 

$0.1970 

$0.0056 

$0.1044 

$0.3070 

Power feeders to mills 




0.0012 

Total fine grinding 




$0.3082 


Overhead of $0.0065 not included in above. 


Table 10. — Delays in Fine-grinding Department of Independence Mill in 

1918 



Houbs 

Pee Cent., 
Running 
Time. 

Houes 
PEE Day, 
Lost* 

Dies 

... 296.9 

0.594 

0.855 

Mullers 

... 175.3 

0.351 

0.505 

Total steel 

... 472.2 

0.945 

1.360 

Screens. . . : 

. . . 198.2 

0.396 

0.571 

Other mill repairs 

... 392.4 

0.785 

1.131 

Total repairs and replacement 

... 1062.8 

2.126 

3.062 

Oiling 

... 694.0 

1.389 

2.000 

Total delays 

... 1756.8 

3.515 

5.062 

Delays per mill 

... 304.2 

3,515 

0.879 

Clutch and clutch parts 

90.2 

0.185 

0.266 


o These data, are based upon 2083 Ghilean-mill days or 49,992 Chilean-mill hours. 
Five mills operating for year and one mill for 9 mo., or a basis of six mills for 347 days 
or 5.77 mill^for 361 days. 


The record, or best, time for changing steel from time mill is shut 
down until started up with three men is: muUers, 2.6 hr., dies, 3.3 hr. 
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Table 

11 . — Steel Data Jar Year 1918 



6-, 10-j and l^mesh screens used 
Muller rings, three to a set, out. diam. 58 in.; in. diam. 4634 in.; 
Die rings, out. diam. 70 in.; in, diam. 5634 in- 5 thick. 6 in. 

width 7 in. 


Weights 

In Out 

Muller Rings 

Pounds Cost Steel peb Lb. Cost Steel peb Ton Orb 

Tons Oee Steel peb 1914 1918 1914 1918 

Ton Oee 

5,844 

717 

14,380 

0.406 $0,058 $0.0960 

$0.0236 

$0.0386 

2,342 

391 

8,269 

Die Rings 

0.284 $0,062 $0.1010 

$0.0176 

$0.0288 




Total Ckilean-mill Steel 

0.690 

$0.0412 

$0.0674 

6,070 

600 

Victor Milly 1915, 18- and ZO-mesh, Screens used 

Muller Rings 

10,170 0.538 , 80.058 $0,096 $0.0312 

$0.0517 

2,345 

388 

6,089 

Die Rings 

0.385 $0,062 $0.1010 

$0.0238 

$0.0389 




Total Ckilean-mill Steel 

0.923 

$0.0550 

$0.0906 


Due to the fact that some steel was available that was purchased several years ago, 
the steel costs are less in 1918 than they would otherwise have been. Steel bought in 
1918 cost; muller rings $0,122 and dies $0,127 per lb. at Victor, Colo. 


Table 12 . — Screen Data for Year 1918 


Five Scebbns to Each Mill. Avehaqb Abba Availablb, 62 bt 19% In. 


Tbadb 

No. 

Mesh 

Size Slot 

Width, Length, 

In. In. 

Size Wibes 
Cboss Long 

Tons Oee, 

PEB SCBEEN 

Cost peb 
Ton Ore, 
1918 Peices 

45 

6 

0.130 

0.438 

No. 11 

No. 13 

850 

$0.0039 

345 

18 

0.035 

0,255 

No. 13 

No. 19 

274 

0.0115 

482 

10 

0.063 




444 

0.0073 

Cost screens. Independence mill, 1918. . . 




$0.0083 




Victor Mill, 1915 




345 

18 

0.035 

0.255 

No. 13 

No. 19 

230 

$0.0125 


The above screens are Lndlow-Saylor Rek-Tang brand. 


Table 13 . — General Data Fine Grinding De^partment, Independence. Mill 

HoBsbfowbb 

Power consumed running Chilean mill light, without muller or muller cores, re- 
volving the head only, including motor and transmission losses 5.7 

Power consumed as above except mullers are on and revolving on a new die. 


Steel on steel, no ore 10.7 

Power to drive six feed plungers 8.2 

Power to drive eleven Akin classifiers, full load 6.7 
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* DISCUSSION 

R. B. T. Kiliani, Denver, Colo, (written discussion*). — ^Mr. Len- 
nox’s paper is decidedly interesting in that he shows that a field exists 
for the Chilean miU, in which its ejEciency compares favorably with that 
of more modern grinding devices. The figures he has given clearly indi- 
cate that a coarse feed is conducive to higher efficiency than the fine 
feeds which the Chilean mill has usually been called upon to grind. The 
fact is also apparently indicated that operating the Chilean mill in 
closed circuit with a mechanical classifier results in still higher efficiency, 
and that in such cases the percentage of returns should be kept below 
100 per cent, to obtain best results. It would be interesting to see the 
results of further tests with what Mr. Lennox calls “Mixed Feed/’ since 
the data given in Table 4 seem to point to the fact that a mixed feed, 
with the mill in open circuit, may result in maximum efficiency for the 
Chilean mill, even higher than that obtained on a coarse feed and in 
closed circuit. 

Mr. Lennox has mentioned the published data on tests between Chil- 
ean and Hardinge mills at the Miami Copper Co.’s plant several years 
ago, and has shown that the efficiency of the Chilean mi ll may be very 
materially increased over that obtained at that time! The develop- 
ments in the use of the Hardinge mill at Miami have also been as great, 
since their present practice is grinding in conical ball-mills in two stages, 
the last in closed circuit, from mill bin to pass 48-mesh. I realize, of 
course, the danger in tiying to make comparisons between different ma- 
chines operating at different plants, but the work done by Mr. Lennox 
on the crushing resistance of various ores® gives a basis for such a com- 
parison. I will show later that the constants derived by Mr. Lennox to 
represent the “grindability” of various ores can be so used. 

The present practice at the Portland mill is to grind the coarse feed 
in Chilean mills equipped with 6-mesh screens, and operating in open 
circuit. Under these conditions, an average efficiency of 396 mesh-tons 
per horsepower is obtained, with a maximum of 413. As compared with 
this, an 8-ft. diameter Hardinge ball-mill in open circuit (the first stage 
mentioned above) has an efficiency, corrected for the “grindability” of 
the ore, of 486 mesh-tons per horsepower. Operating the Chilean miQ 
in closed circuit is conducive to higher efficiency, as already mentioned, 
than open-circuit grinding. But even under these conditions of maximum 
efficiency for the Chilean mill, it can only show 418 (426) mesh-tons per 
horsepower. 

Again, let us consider the tests on the Chilean miU in closed circuit, 
with a coarse feed, and with' the finest grinding — or finest classifier over- 
flow — ^mentioned in the paper. These are the two tests mentioned in 

♦Received Sept.|22, 1919. 

•Grinding Resistance of Various Ores. Trans, (1919) 61, 237. 
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Tables 6 and 7, with eflBciencies of 328 and 377: Taking the average of 
these two tests, we obtain a final product containing 4.0 per cent, on 48- 
mesh and an efficiency of 353 mesh-tons per horsepower. As compared 
with this, one entire section of three Hardinge mills at Miami, grinding to 
0.4 per cent, on 48-mesh, has an efficiency, corrected for ‘^grindabiKty’’ 
of the ore, of 457 mesh-tons per horsepower. 

To summarize the above data, the following tabulation, giving 
efficiencies corrected for the character of the ore, is of interest: 

Chilean Mill Hardingb Mill 


Efficiency when grinding in open circuit 396 486 

Relative eflficiency 100 123 

Efficiency when grinding in closed circuit 353 457 

Per cent, on 48-inesh 4.0 0.4 

Relative efficiency 100 129 


The Miami Copper Co. and the Nevada Consolidated Copper Co. 
are both using Hardinge mills of the same diameter for practically the 
same range of work, namely as secondary or regrinding machines. Two 
runs at Miami show an average efficiency of 478 mesh-tons per horsepower. 
This, when multiplied by the constant of 0.70 for the Miami ore, gives a 
corrected efficiency of 335. In a similar manner, five runs at Nevada 
Consolidated show an average efficiency of 556 mesh-tons per horse- 
power which, when multiplied by the constant of 0.61 for this ore, gives 
a corrected efficiency of 339. This is a remarkably close check, being 
within about 1 per cent. Other data on Hardinge mills at other plants 
only further bear out the correctness of Mr. Lennox’s factors. 

C. H. Benbuict,* Calumet, Mich. — ^At one plant we had 48 Chilean 
mills. At present 16 units are stiU so equipped, which we will probably 
continue to operate. The others have been replaced by another well- 
known tyf)e of ’ mill. I am not here to act as spokesman for one mill or 
another, but I wish to point out, for the benefit of some who have not 
used Chilean mills, some of the possible difficulties that will be met. Of 
course, we were doing fine grinding, something that Mr. Lennox says 
these mills are not suited for. We attempted to grind Me-iii* material 
and we were aiming for as fine a product as we could get; we were actually 
obtaining about 35 per cent, through a 200-mesh, the ore being a very 
hard material to handle, and we found, as compared with other types 
of mills, that our lost time on the Chilean mills was very large. I think 
Mr. Lennox gives a figure approaching 4 per cent, as lost time. That 
would correspond fairly closely with our experience; in other words, one 
day a month. You who have used ball-mflls know that you can reduce 
that time to one day in five, six, or eight months. 

Another thing that bothered us a great deal, inasmuch as we wished 

, * Metallurgist, Calumet & Hecla Mining Co. 
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to grind very fine and did not grind in closed circuit, was the fact 
that we had a great deal of trouble with our screens, our Chilean mills 
would not grind alike two days in succession. That trouble increases as 
you attempt to grind the product finer; your screen must then be thinner 
and finer and accordingly you get an increasingly complex problem. 

Conditions of this description led us to replace the Chilean mills in 
one of our plants with pebble mills; and the only reason that we do not 
replace the other 16 Chilean mills is simply because the space and condi- 
tions are such that it would be impossible for us to do so. I give this as 
our experience and not necessarily as any criticism. 

G. M. Tayloe,* Colorado Springs, Colo. — When we installed our 
Chilean mills at our Victor mills we expected to get about 150 tons a day; 
when the mills were installed we got about 90 tons in 24 hr. when feeding 
them with a M-in. material. I went away just at that time so the man- 
ager of our Colorado Springs plant, who was in charge, decided that if we 
fed a much finer mesh we would get a greater tonnage — which was a 
natural thing to assume. He therefore installed two additional sets of 
rolls and crushed everything through a ^-in. mesh and the tonnage 
i m mediately dropped to 75 tons from 90. I returned about that time and 
put everything through a screen, when the tonnage went up tb 

140 tons the next day. 

P. H. Aegall, Magdalena, N. Mex. (written discussionf). — The 
Chilean mill has generally been considered a fine-crushing machine and 
as such has had many advocates; it has also had quite a number of 
denouncers; hence, the action of the Portland engineers in using the 
Chilean mill for the preparatory work usually accomplished in rolls or 
rock breakers and adding a ball-mill to do the fine grinding is novel, 
though of doubtful utility in the long run, even though a fair eflficiency 
is obtained for the combination machines, as measured by Chilean mill 
practice. 

In order to follow the development of Chilean null practice on 
Cripple Creek ores, I might say that two 6-ft. Chilean mills were placed 
in operation in Stratton’s Independence mill in April, 1908, treating ore 
crushed by rolls to pass screen aperture. Screening was, however, 
found to be an unnecessary refinement, as was also the use of plows in the 
mills; both screening and plowing were abandoned before the Portland 
engineers finished the experiments in stamp milling upon which they were 
then engaged. Two additional 6-ft. Chilean mills were added in the 
spring of 1911, three of them giving the required 10,000 tons per month 
capacity, one being always in reserve. The Portland company began 
using Chilean mills in June, 1910, at its Victor mill, and the same com- 

* Manager, Milling Dept., Portland Gtold Mining Co. 

t Received Feb. 12, 1920. 
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pany purchased the Stratton’s Independence mill in June, 1915, and 
remodeled it; it is now known as the Independence mill . A description 
of Stratton’s Independence milling practice is given in the November, 
1911, issue of Mining Magazine (London). 

These Chilean miUs were used as fine grinders and that they ac- 
complished their purpose is shown by the screen analyses, in which 62 
per cent, of the pulp passed 150-mesh screens. To make coarse crushers 
of these Chilean mills, the Portland engineers have increased the speed, 
substituted steel in various parts for cast iron, provided new and enlarged 
thrust bearings to take care of the centrifugal force incident to higher 
speed, and have, thereby, greatly increased the cost of the machines. 
They have also reduced the width of the tires and dies from 8 in., as 
used in the original mill, to 7 in., a reduction of 12)4 per cent, in the 
crushing surfaces, to say nothing of the loss of abrasion or attrition 
incident to the larger surface. At the same time, they have apparently 
increased the weight of the rollers by using tires 5J4 hi. thick as against 
tires varying between 3 and 4 in. on the original mills, thereby increasing 
the crushing pressure per square inch of tire face in contact with the ore. 
The mills, as described by Mr. Lennox, are in reality but 5 ft. 10 in. in 
diameter, instead of 6 ft. as in the original mills. 

Taking a circle following the center line of the die, we have a diameter 
of 5 ft. 4 in. by 33 r.p.m. or a velocity of 552.58 ft. per min. in the original 
mill against 5 ft. 3 in. by 37 r.p.m., or 610.24 ft. annular velocity in the 
redesigned Chilean. The speed of the rolls, as measured along the center 
line of the die and rolls, should not exceed 500 ft. per min. for the best 
results, and that is the speed I maintain in the Chilean mill here at the 
Ozark Plant. The economical speed of the Chilean mill is limited by 
centrifugal force and the increase of thrust bearings to balance such force 
is not to be commended. 

Size of Feed . — ^After a trial run in Stratton’s Independence mill in 
April, 1908, the sizing screens were removed and the feed from a 5K 
Gates rock breaker passed direct through two sets of 16 in. by 36 in. 
rolls to the Chilean mills. The size of the coarsest pieces seldom exceeded 
1 in. (I refer now to phonolite ore) and probably would not average over 
^ in.; indeed, tests made on various occasions showed that 75 per cent, 
of the feed would pass a M-in. screen aperture. In 19 12, a mniVas erected 
by the Ozark Smelting & Mining Co. near Magdalena, N. Mex., for 
the purpose of treating zinc sulfide by flotation. In order to obtain the 
separation required, it was found that over 60 per cent, of the ore must 
be crushed to pass 150-mesh, for which reason one standard 6-ft. Akron 
Chilean mill was erected for an expected capacity of 150 tons per day. 
The ore for this mill was crushed by one 9 by 12-in. Blake crusher, 
and one set of 36 by 14-in. rolls to pass screen apertures of 1)4 in. 
in diameter. 
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Crushing Qualities of Ores - — I have always considered the Cripple 
Creek ores by no means difficult to crush. Rocks that break with a 
snap, like phonolite, which also has the good feature of breaking in slabs, 
are ideal for reduction in rock breakers and rolls. Granite and syenite, 
partly decomposed as they are at Cripple Creek, are easily reduced by 
almost any form of crushing or grinding machines and particularly by 
rolls. Phonolite is, however, a tough rock and offers considerable resist- 
ance to fine comminution, say from %6 down; but on the whole 
I consider the Cripple Creek ores of average crushing quality, if I may 
use so loose an expression — they are neither very hard nor very soft. 

The ores from the Ozark mines contain considerable magnetite and 
pyroxenes, which are more difficult to crush than any Cripple Creek. ore 
that I know of. On the other hand, the hematite in the Ozark ores is 
more easily crushed than the Cripple Creek granite and breccias, so that, 
on the whole, the Cripple Creek ores and those of the Ozark company 
compare fairly well in crushing quality. But since the density of the 
Ozark ores is greater, the proper factor for a true comparison would 
be cubic feet per hour instead of tons per hour. As an illustration of 
the crushing qualities of the Ozark ores in Chilean mill and tube-mill, 
I submit the accompan 3 dng partial test — partial because the ore was 
not weighed to either mill nor had we electric instruments to determine 
the exact horsepower — which is only valuable in showing that a 14 
by 4-ft. tube-mill delivered a coarser product below 50 mesh than did 
the Chilean mill, both Tnills being fed from the same ore stream, all of 
which had passed screen apertures 134 diameter. The Chilean- 

mill pulp contained 20 per cent, solids, the tube-mill pulp 36 per cent, 
solids. As previously stated, this ore was prepared for the fine crushers 
by crusher and roll. The wear of steel tires on the rolls is 0.0643 lb. 


per ton of ore. 


Ozark Mild, 

March, 1916 



Webb: 

Chilean 

Tube 

Week 

Chilean 

Tube 

Endin’g 

Dischahob 

Disghabge 

Enpxng 

Dischabgb 

Dischabgb 

Mabcb 11 

Peb Cent. 

Peb Cent. 

Mabch is 

Peb Cent. 

Peb Cent. 

+150 

a.8 

1.4 

+ 50 

3.1 

1.4 

+100 

9.7 

11.4 

+100 

9.3 

10.3 

+150 

12.6 

20.0 

+150 

12.4 

17.9 

+200 

9.8 

10.9 

+200 

9.4 

12.3 

- r -200 

64.1 

56.3 

-200 

65.8 

58.2 


100.0 

100.0 


100.0 

100.1 


In Table 14 some of the test runs of Mr. Lennox are assembled with 
other tests from normal mills so that the nature of the crushing may be 
shown at a glance. It is apparent that the Chilean miU proper is a fine 
crusher and that the combination method introduced at thePortland- 
Independence mill, namely redesigned Chilean and baby ball-mill, 
scarcely comes within the category of fine-crushing machinery. 
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A and B are the average of the long-time runs in Table 1, of the 
combination of Chilean and ball-mills at the Portland-In dependence mill. 
C is a test rim at Stratton’s Independence mill April, 1911. D is a test 
run at Stratton’s Independence mill April, 1914. E is a test run at the 
Ozark Smelting & Mining Co. mill in April, 1915. F shows the average 
results at the Ozark mill for the fiscal year 1916. G is the Chilean-mill 
screen discharge at the Independence mill, Portland Co., as given in 
Table 1. H is the average of the special tests in Table 4 at the 
Independence (Portland) mill. I shows the results at the Ozark mill 
from August, 1917 to September, 1918. 

Mr. Lennox thinks that the Chilean mill is not a- fine grinder ^‘at least 
in being able to produce efficiently the extreme fines that a ball-mill is 
capable of giving. ” He refers, of course, to the redesigned miU with the 
narrow tires and increased weight of rolls, the high-speed mill in which 
the abrading action has been considerably reduced and which, under the 
conditions of fine feed, could only utilize 80 per cent, of the power used 
with the coarse feed conditions explained in his paper. The reason is 
not far to seek. With the fine feed, the roll, he claims, is close to the die 
but it apparently did not occur to him that by increasing the width of the 
tires or by lessening the pressure per square inch of crushing surface 
between the tire and die, fine ore could be fed of any desired thickness 
and the results that he disclaims could have been easily attained. The 
analogy of the wagon on the hard and soft road bed* is not pertinent, the 
narrow tire will be good for a certain load on the hard road, a wider tire 
will carry a similar weight on a softer road. The narrower the tire in 
the Chilean mill, the less abrasion is set up and, per contra, the wider tire 
gives the condition necessary for fine feed. With the narrow tires, heavy 
rolls, high speed, and coarse feed of thin slabby ore, the redesigned 
Chileans go “bumpty-bump,” from which it is evident the Portland 
engineers have not quite abandoned the stamp idea started in their 
experimental mill about 10 years ago. 

A word as to the Chilean miU as a coarse crusher. The angle of nip 
between a 68-in. diameter tire and the flat die is large, hence coarse feed 
can be easily nipped and passed over by the rolls. The wavy effect of 
the rolls being lifted to pass over and crush the large pieces and then 
drop heavily on the finer ore, many times during a revolution, gives a 
sort of stamping effect; but the die and mortar are scarcely designed to 
resist such action for any length of time. It is, however, on the applica- 
tion of the power that the ultimate analysis rests — a horizontal belt- 
driven shaft operating beveled gears that rotate a vertical spindle and 
drive head, standing out from which three vertical rolls rotate in heavy 
thrust bearings carried in the steel drive head. The leverage is quite 
considerable in a 6-ft. Chilean miU and the conditions entirely at variance 
with the rigidity and rugged strength required in a coarse-crushing 
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machine. Against this elaborate and intricate multi- jointed, multi-bear- 
ing, and geared apparatus, we may consistently compare a set of rolls, 
four simple bearings, and two drive wheels; can any one for a moment 
believe that the coarse-crushing Chilean developed at the Portland- 
Independence mill will replace the average roll? or even the average 
fine rock breaker for rough crushing? My preference would be entirely 
toward rolls for the reduction now being carried out in the coarse-crush- 
ing Chilean. 

I have been a warm supporter of the Chilean, so has Mr. Lennox, at 
least of his redesigned coarse-crushing Chilean, and he tells us that his 
paper was written with the object of showing how the outcast Chilean 
had been restored by the Portland engineers to a field of great utility 
and high efficiency. I fear, however, that he has, instead, succeeded in 
burying it, possibly beyond the hope of resurrection. I feel that the 
Chilean's usefulness is entirely in the line of a fine grinder, particularly 
for small mills, such as we have here, in which a comparatively coarse 
feed can be reduced to a very fine condition in one operation and in one 
machine; but in making a coarse crusher out of a Chilean and running 
it in combination with a baby ball-mill to do the fine crushing, a combina- 
tion is set up that has no right to exist. Either mill can satisfactorily 
do the fine crushing, while rolls or rock breakers can do the coarse crush- 
ing with better and higher efficiency than ever can be obtained in a 
Chilean mill. Finally, the cost of such a Chilean unit is quite excessive, 
few engineers would assume the responsibility for such an outlay realizing 
thafrthe cost thereof must be returned in a few years as a legitimate item 
of cost per ton of ore milled. 

Luther W. Lennox (author^s reply to discussion). — It is true that 
the Independence Co., under Mr. Argali, was using Chilean mills at the 
time that the Portland engineers were running an experimental mill in 
which stamps were employed, but the stamps were used only because 
of the small unit capacity necessary, for the plant was an experimental 
metallurgical mill and was not for the purpose of trying out grinding 
machinery. 

Regarding the fine-grinding installation of the Portland Co. at the 
Independence miU to take a 23 ^-in. (6.4-cm.) feed from the rolls, giving 
it an intermediate grind in Chilean mills and a final grind in ball-mills, 
Mr. ArgaU has only condemnation. The bases for his statements are 
derived from practice with Chilean mills at the Independence mill previ- 
ous to its sale to the Portland Co., July 1, 1915, and since that time with 
the Ozark Co, at Magdalena, N. Mex. Data from these two plants are 
published by Mr. Argali, together with some Portland figures from the 
Independence mill since July, 1915. 

Mr. Argali thinks that when the Portland engineers increased the 
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speed of the Chilean mills from 33 to 37 r.p.m., and reduced the width of 
the tires and dies from 8 to 7 in., at the same time increasing the thickness 
of tires from 4 to 5% in., the Chilean mill was buried '^possibly beyond 
hope of resurrection.’’ Briefly, the reason for making these changes in 
the size of dies and tires was to give more flexibility in the operation of 
the mill by increasing the space between tire and protection plate on the 
one side and tire and standard on the other. This allowed the mill to 
be more easily controlled by the operator under varying feed conditions 
and with less danger of wrecking the mill. Also, the thicker tires call 
for less frequent changes than thinner ones. The increase in speed 
allows greater capacity, but we have not noted that this change con- 
tributes to the making of a coarse crusher out of the mill, as Mr Argali 
contends, nor have we found that it causes any mechanical difficulties 
that are out of proportion to the increased tonnage. 

I will not dispute his statement that 500 ft. per mm. gives the best 
results with rolls, but a Chilean mill is not altogether a roll. Mr. Argali 
does not give any parallel figures to support his condemnation of 37 
r.p,m. as against 33 r.pm., except the comparison of the product from 
his machines and that from the higher speed mOls of the Portland, which 
would be sufficient if all conditions except speed were parallel with Port- 
land, as imfortunately they are not. 

We have no data to prove or disprove the correctness of his contention 
regarding the results of our changes of steel size, except that given by 
him comparing the Argali and Portland mill products. In support of 
his assumption that these two radical changes — speed and pressure of 
crushing surface per square inch — ^have made a coarse crusher of the 
Chilean mill, Mr. Argali gives, aside from his table of comparisons, a 
discussion of his reasons, which are largely based upon the increased 
pressure per square inch of crushing surface of the Portland miUs over 
his mills. He contends that this is the reason that we are unable to 
force more than 80 per cent, of the power into the mill when we give it 
a fine feed as against a coarse feed. The weight of the roller, according 
to Mr. Argali,^ with a new 8-m. tire is about 7200 lb. If the tire weighs 
1350 lb., the heart, or roller without tire, will weigh 5850 lb. (2653 kg.). 
In the case of Portland 7-in. tires ,the total will therefore be 7800 lb. 
When a Portland tire is three-fourths worn out, it will give the same 
pressure per square inch upon the ore as a new Argali tire. Our experi- 
ence with fine feed has not shown that the mill could be fed with ^^any 
desired thickness” of bed between die and tire even when the tire was 
three-fourths worn out. Neither has it shown that the new tire made 
the mill a coarse crusher, and one^ three-fourths worn out allowed the 


^ Min* Mag* (November, 1911). 
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mill to be a fine grinder. A nearly worn-out tire, however, does give 

less capacity through the mill. i • j 

Mr. Argali has no justification for his statement that the redesigned 
Chileans go “ bumpty bump.” The mills run smoothly giving their 250 
to 300 tons per 24 hr. with no indication of bumps imless we decided to 
give them a fine feed, which would allow tramp steel to become a menace 
by the tire riding upon the steel and thus causing the tire to bump. Pages 
519-522 give the reasons for giving the mills a coarse feed instead of a toe. 

It is quite natural for Mr. Argali to include data from his Magdelena 
miU, since he is now located there. At this plant he also operates a 
Chilean mill at 33 r.p.m. and uses 8-in. tires. Were the Magdalena ore 
known to have the same grinding resistance as the Cripple Creek ores, 
the figures would be comparable. Mr. Argali states, however, that ‘on 
the whole the Cripple Creek ores and those of the Ozark Co. compare 
fairly well in crushing qualities.” The data he has published show that 
about two tons of Ozark ore could be ground to the same mesh and for 
the same power as one ton of Cripple Creek ore. As compared ^th 
Cripple Creek ores, the magnetite in the Ozark ore is probably consider- 
ably less resistant to grinding rather than more so, as Mr. Argali believes. 

He is a bit severe on cylindrical mills when he condemns the crushing 
qualities of the tube-mill at Magdelena for giving a coarser product than 
the Chilean, when he feeds the 4-ft. tube-mill with a product. 

While an advocate of the Chilean mill in its proper place and with proper 
feed, as is also Mr. Argali, I feel that he is not helping the cause when, in 
his desire to discredit the statement that a Chilean mill “will not give 
efficiently the fine product that a ball-mill is capable of giving, be feeds 
his 4-ft. tube-mill with an unknown tonnage and compares the discharge 
with that of a Chilean mill, and states that the partial test is only valuable 
in showing that *a “4 by 14-ft. tube-mill delivered a coarser product 
below 50 mesh than did the Chilean mill, both mills being fed from the 
same ore stream.” As a result of this partial test, he states that “It is 
apparent that a Chilean mill proper is a fine crusher and that the com- 
bination method introduced at the Portland-Independence mill, namely 
redesigned Chilean and baby ball-mill, scarcely comes witlto the category 
of fine-crushing machinery.” If he should install a classifier, placing his 
tube-mill discharge in closed circuit, and feed the proper tonnage and 
mesh, on this comparatively soft ore he would obtain a finer product 
f.hnn his Chilean mill can possibly give even when running inefficiently. 

More important is the relative resistance to grinding effort of the 
Independence ore and dumps, as compared to those of the Portland. 
Unfortunately, we have no comparative data; we have only the fact 
that most of the Independence dumps were rejected from upper levels 
of the Independence mine, 800 ft. or above. The dumps contained a 
great deal of granite and breccia and some phonoUte, all of which was 
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partly oxidized both in place and after years of exposure on the surface. 
The Portland ores sent to the Independence mill, since 1915, are a com- 
bination of Portland dump and ore-house reject, all containing a greater 
proportion of phonolite and unoxidized material than the Independence 
ores, as the Portland is now mining on 2300-ft. level. Beyond the state- 
ment that the ores treated, since 1915, at the Independence mill, are of 
a more refractory nature than those treated by Mr. Ai’gall in 1911'-15, I 
am able to make no claim, for I lack comparative data on the quality 
of the two types of rock. We have recovered some Independence dump 
left by Mr. Argali and have always been able to increase capacity with 
this softer rock. 

The design Mr. Argali advocates as ideal would be to feed the Chilean 
mills with a product from rolls 75 per cent, of which would pass a M-in. 
aperture, all passing 1 in. He would allow the Chilean to do the fine 
grinding. This was the installation used by the Portland for seven years, 
except that the roll product was 23^-in. However, the discharge from 
the Chilean mills, although fine enough for low-grade ore ($3.00 or less) 
is not fine enough for higher grades. 

Mr. Argali has not given any arguments or reasons backed by definite 
figures for his stand and radical statements as to the results of the change 
of design of the Chilean mill by the Portland engineers, except his table 
of mesh tests, comprising two test rxms from the Independence during 
his regime — one in April, 1911, and one April, 1914. During July, 1915 , 
The Portland Co. was in possession of the Independence mill, but made 
no radical change, at first, either in personnel or methods. It was noticed 
that four daily mesh tests with 30-, 50-, 100-, and 150-mesh screens were 
made upon Chilean-mill discharge, tube-mill feed, tube-mill discharge, 
and an intermediate sand; there was also a weekly test of the sand-tank 
head and filter tail, the last two for mesh and assay and consequently 
upon a different set of screens including a 200-mesh. When making a 
concentrate mesh test, the first set of screens was used as the meshes 
were not sent in for assay. A complete daily report of mesll tests with 
the weekly sand and filter rail for Apr. 27, 1915, is given here. This is a 
duplicate of many similar mesh tests, and is taken to illustrate the im- 
portant points to be advanced. 


Screen Analysis 

+30 +60 +100 +150 -160 +200 - 200 

Tube-mill feed, per cent .20.0 32.0 25.0 • 0.0 23.0 

Tube-mill discharge, per cent. 0.0 7.0 32.0 0.0 61.0 

Chilean-mill discharge, per 

cent 8.0 20.0 33.0 0.0 39.0 

Sand-tank head, per cent 6.4 21.6 44.8 10.8 . . 12.4 4.0 

Filter tail, per cent 0.0 0.0 0.0 0.0 1.0 99.0 


The st rikin g feature about these tests is the unusual appearance of 0.0 
per cent, retained upon the 150-mesh screen, whether it be Chilean-mill 
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discharge, tube-mill feed, or tube-mill discharge. A lOO-mesh screen 
substituted for the 150-mesh will apparently give the same results. 

Mr. Argali gives an aperture of 0.003 in. for his 150-mesh screen, and 
0.0056 in. for his lOO-mesh. The difference between these two is almost 
as great as that between a standard Tyler 200-mesh (0.0029 in.) and a 
lOO-mesh (0.0058 in.) screen. If this 150-mesh screen is 0.003 in., Mr. 
Argali's work at the Independence is sufficiently good to justify his claim 
that the Chilean miU will produce a fine discharge and I am forced to 
concede that his mill was efficient even when grinding the semi-oxidized 
ores of the Independence dump and mine. Were the screen a Tyler 
Standard of 0.0041 in. opening, his discharge would still be good. But, 
the best that can be allowed, in light of his mesh tests taken from labora- 
tory records of 1912 to 1915, is to alter the daily report shown to appear 
as follows : 



Screen Analysis 






+30 

+50 

+ 100 

-100 

+ 150 

+200 

-200 

Tuhe-mill feed, per cent 

20.0 

32.0 

25.0 

23.0 




Tuhe-mill discharge, per cent. 

0.0 

7.0 

32.0 

61.0 




Chilean-mill discharge, per 








cent 

8.0 

20.0 

33.0 

39.0 




Sand-tank head, per cent 

6.4 

21.6 

44.8 

.... 

10.8 

12.4 

4.0 

Filter-tail, per cent 

0.0 

0.0 

0.0 

— 

0.0 

1.0 

99,0 


Table 15 gives an average of mesh tests taken from the laboratory 
and daily-report sheets; both a Chilean-mill and tube-mill discharge are 
included. A combination of these two in the correct proportion, which 
would be close to 50 p.er cent, each, will give the input to the cyanide 
department, ignoring the small withdrawal of 1.5 per cent, concentrates. 
The sand-tank head combined with the filter tail in the correct propor- 
tion, which is approximately 55 per cent, sand and 45 per cent, filter tail 
or slimes, will constitute the output from the cyanide department, as far 
as mesh is concerned. Obviously, the input and output should check 
within limits. As an example, the first six months of 1915 may be cited. 
Prom daily-report sheets, the sand-tank tonnage comprises 55 per cent, 
and the filter tails 45 per cent, of the output. Using these proportions 
and the table of mesh, we obtain the following average mesh as output: 

Screen analysis -bSO -|-50 -J-lOO — 100 (ignore the 160 mesh) 

Output, sand and slime, per cent. . 4.6 12.3 24.2' 59.1 

The input tonnage will become, upon a basis of 50 per cent. Chilean-mill 
discharge and 60* per cent, tube-mill discharge, 

Screen analysis -|-30 -1-60 -flOO —100 (ignore the 150 mesh) 

Input, Chilean mill, Tube, per cent. 4.3 12.0 24.7 59.0 
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By this means it may be seen that the input and output are consistent, 
using Mr. Argali's figures for the meshes 30, 50, 100, and through 100. 
The withdrawal of concentrates would have little effect upon this check. 

Table 15 shows that in 1912 and the first six months of 1913, the 
meshes on 150 are much more consistent than after these dates. During 
this early period, it might be possible to combine input Chilean-mill and 
tube-mill discharges in such proportions that the input would check, 
within reason, the output, correctly proportioned between sands and 
slimes. However, after June, 1913, it vrould be impossible to do this. 



Fig. 7. — ^Direct scale. Solid Fig. 8. — Direct scale. Solid lines abb 
LINES are plots PROM Mb, AR- PLOTS OP ChILEAN-MILL DISCHARGE DURING 
gall's table; dotted lines, the tears 1912-15, Independence Mill. Dotted 

PROBABLE CONTINUATION OP LINES REPRESENT THE PROBABLE CURVE. 

CURVES. Letters reper to cor- 
responding MESH IN TABLE. 

♦ 

The data indicate that, according to the assay screens, which appear 
to be correct, the output from the mill has not varied appreciably in 
mesh, but the input has varied decidedly. Upon a daily report will 
appear mesh tests that give practically no tonnage between 100- and 
150-mesh screens or between openings of 0.0056 and 0.003 in., as input 
and yet on the same report the output will have 6 or 7 per cent, between 
these meshes, or even more than this if the assay screens are standard, 
as I presume they are. 

Further reference may be had to the plots of mesh tests (Figs. 1 to 3). 
The Ozark ore seems to take its place in the category of one easily ground, 
but it is consistent in its mesh. These plots are only a duplication of 
the mesh in the tables; but may appeal more in explaining the discrep- 

voii. ia:m. — 35. 
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ancies existing. I can give no other explanation, especially when having 
found the so-called ISO-mesh screen to be the same as the 100-mesh to 
all appearance. 

I do not feel that Mr. Argali has proved that the Chilean mill will 
give the extreme fines his tables and statements indicate, and I still feel 
that the Portland Co. has not committed an error in its grinding installa- 
tion of Chilean mills for intermediate and ball-mills for fine-grinding 
work for either low or high grades of ore. 

Table 15 is a copy of the fonn of daily report sheets at the Argali 
Independence Mill for years 1912-1915. 



Fig. 9. — Rbcipbocal scale.' From mesh tests of Independence Mill. 
6 MONTHS, 1912; April. 1914; 6 months, 1915. 


Table 15 . — Average Mesh Tests of Independence Mill 
Average of 172 mesli tests made during six months of 1912. 


Aperture, inch 


0,0096 0.0056 

0.003 




Screen analysis 

■fSO 

+60 

+100 

+150 

-160 

-F200 

-200 

Tube-mill feed, per cent 

22.5 

28.4 

25.3 

5.0 

18.3 



Tube-mill discharge, per cent. . 

0.0 

4.0 

28.9 

11.8 

55.7 



Chilean-mill discharge, percent. 

9.7 

19.8 

22.1 

6.4 

41.6 



Sand-tank head, per cent 

7.2 

21.0 

39.3 

12.7 

« # * « 

11.1 

8.7 

Filter tail, per cent 

Concentrates (2.2 per cent.), 

0.0 

0,0 

b.o 

0.8 

— 

3.5 

95.7 

per cent 

1.3 

2.7 

10.4 

6.3 

79*. 2 
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Average of 179 mesh tests made during first six months of 1913 


Screen Analysis 

+30 

+50 +100 

+150 

-150 

+200 

-200 

Tube-mill feed, per cent 

22.7 

30.9 

24.9 

4.9 

16.2 



Tube-mill discharge, per cent 

0.0 

2.3 

22.3 

10.9 

64.2 



Chilean-mill discharge, per cent 

6.0 

15.7 

22.9 

6.4 

48.6 



Sand-tank head, per cent 

7.3 

20.5 

38.9 

13.1 


13.7 

6.6 

Filter tail, per cent 

0.0 

0.0 

0.0 

0.8 


2.9 

96.3 

Concentrates (1.5 per cent.), per cent. 

0.4 

2.7 

8.3 

1.7 

87.1 



Average of 173 mesh tests made during second six months of 1913- 


Tube-mill feed, per cent 

27.7 

29.0 

21.9 

1.3 

20.0 



Tube-mill discharge, per cent 

. 0.0 

4.5 

22.5 

3.4 

69.5 



Chilean-mill discharge, per cent 

7.7 

15.5 

18.2 

2.0 

57.1 



Sand-tank head, per cent 

8.4 

19.6 

40.3 

14.2 


9.2 

7.9 

Filter tail, per cent 

0.0 

0.0 

0.0 

0.8 



2.0 

97.2 

Concentrates (1.5 per cent.), per cent. 

0.4 

2.7 

8.3 

1.7 

87.1 



Average of 91 mesh tests made during six months of 1914 



Tube-mill feed, per cent 

23.7 

32.3 

24.6 

0.4 

19.1 



Tube-mill discharge, per cent 

0.0 

5.4 

27.1 

1.3 

66.9 



Chilean-mill discharge, per cent 

8.1 

19.0 

22.1 

0.9 

49.8 



Sand-tank head, per cent 

7.9 

22.4 

44.1 

12.4 


6.4 

6.9 

Filter tail, per cent 

0.0 

0.0 

0.0 

.0.7 


1.5 

97.8 

Average of 169 mesh tests made during first six months of 1915. 


Tube-mill feed, per cent 

24.1 

30.8 

24.0 

0.05 21.0 



Tube-miU discharge, per cent 

0.0 

3.6 

25.6 

0.6 

70.2 



Chilean-mill discharge, per cent 

8.5 

20.4 

23.9 

0.5 

46.6 



Sand-tank head, per cent 

8.3 

22.3 

43.9 

10.7 


9.2 

5.6 

Filter tail, per cent 

0.0 

0.0 

0.0 

0.4 

.... 

1.3 

98.4 


Tube-mill feed gave 9 mesh tests of 1.0 per cent, and 160 of 0.0 per cent, on 150- 
mesh screen. 

Tube-mill discharge gave 8 mesh tests of 2.0 per cent., 95 of 1.0 per cent., and 66 
of 0.0 per cent, on 150-mesh screen. 

Chilean-mill discharge gave 5 mesh tests of 2.0 per cent., 80 of 1.0 per cent, and 
84 of 0.0 per cent, on 150-mesh screen. 

Output from Mill 


Sand-tank head, per cent 54.2 

Filter tail, per cent — 44.3 

Concentrates, per cent 1.5 


During April, 1914, test '^D” quoted by Mr. Argali was madk 

Screen analysis -h30 -fSO +100 +150 -150 +200 -200 

Tube-mill feed, per cent 23.4 31.4 25.6 1.3 18.3 

Tube-mill discharge, per cent 0.0 5.5 31.0 1.2 62.1 

Chilean-mill discharge, per cent 10.0 17.9 22.0 1.3 48.7 

Sand-tank head, per cent 7.4 22.4 41.5 15.1 5.4 8.3 

Filter tail, per cent 0.0 0.0 0.0 1.0 .... 2.0 97.0 



548 MILL OPERA-TIONS AT UNITED EASTEHN DUEING 1917 AND 1918 


Mill Operations at United Eastern during 1917 and 1918 

BY WHEELER O. ICORTH,* OATMAN, ARIZ. 

(Chicago 3ileeting, September, 1919) 

The United Eastern Mining Co.’s property is in. the Oatman, 
Gold Roads mining district of Mohave County, Ariz. The mine and 
mill are 26 mi. (41.8 km.) southwest of Kingman, the nearest rail- 
way connection. The ore consists of a mixture of calcite and quartz 
with some andesite. The values, which are mainly gold, alloyed with 
approximately 34 per cent., by weight, of silver, are extremely fine so 
that fine grinding is a most important factor in extraction. The milling 
process, briefly, consists of single-stage, coarse-crushing, two-stage ball 
milling in cyanide solution, followed by combined mechanical and air 
agitation, and by straight counter-current decantation. The Merrill zinc- 
dust precipitation method is used to recover the values, and is preceded 
by the Crowe vacuum treatment of the solution. 

The most notable features of the plant are the absence of filters, and 
the use of short peb mills loaded with steel balls, for fine grinding. 
As originally designed, the capacity of the mill was to be 200 tons per 
day, although the grinding end was to be capable of handling double 
that amount. By adding extra agitators and thickeners and by some 
alterations to the grinding end, the daily capacity has been raised to 
285 tons. This, it is hoped, may be increased to 300 tons during the 
warm months of the present year. 

Tonnage Milled pee Day 

1917 average 234; maximum month 272; minimum month 146 

1918 average 263; maximum month 276; minimum month 217 

AlS this article primarily deals with plant operations, those interested 
in the mechanical description are referred to the article by Mr. Otto 
Wartenweiler,^ the designing engineer, which gives the details and costs 
of design and construction. The following changes have been made since 
that article was published: 

Two special simplex Dorr classifiers have been substituted for the 
two duplex Callow screens and bucket elevator, which classified the 
Marcy discharge and returned the oversize for regrinding. Three Dorr 


* Assistant General Manager, United Eastern Mining Co. 

^ The United Eastern Mining and Milling Plant. Trans. (1918) 59, 274. 
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agitators 14 by 24 ft. (4.26 by 7.31 m.) diameter, and two Dorr thicken- 
ers, one 40 by 12 ft. (12.19 by 3.65 m.) and one, 30 by 8 ft. (9.14 by 
2.43 m.), have been added to the cyanide plant. A 4-in. (10.1-cm.) 
Krogh centrifugal solution pump and a second Ingersoll-Rand compressor, 
9 by 8 in. (22.8 by 20.3 cm.) were also necessary additions. 



Fig. 1. — CtrMtJi.ATiVE dibect diagram op screen analysis on sample op Marct 
DISCHARGE AND CLASSIFIER PRODITCTS. MiLL PEED, 270 TONS 2-IN. CRUSHER RUN. 

Factobs in Opebating Costs 

Water . — Water for milling is pumped from a neighboring shaft and 
costs approximately 52 c. per 1000 gal. (3785.3 1.) or 11 c. per ton of ore 
milled. The consumption per ton of ore is 210 gal. (794.9 1.). 

Poiocr .^Power is supplied by the Desert Power & Water Co. from 
Kingman, at a cost of just under c.per kw.-hr. Thecurrentis metered 
on the low-voltage side of the transformers The average power load of 
the entire mill is 246 kw., or 330 hp., equivalent to 0.932 kw.- days, or 
about 1.25 hp. per ton of ore. The cost of power is approximately 52 c. 
per ton, or 24 per cent, of the total. . 

Lahor. — ^Labor, which is 26 per cent, of the total cost, is entirely Ameri- 
can, the wage scale being $5 for helpers, $5.60 for mill men, and $6 for 
solution shift forem^.” The crew receive $4.50 and up. The 

total mill crew (exclilisive qf ef three shifts is normally fif- 
teen men. The totil Mbdir supermtendeace, operation 

and repairs^ amouh% a-7^ wage, ^.17 per shift; 
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the tons milled per man on shift, 14.27; per man on repairs, 22.79; average 
8.76. 

Supplies. — Supplies, which are 48.3 per cent, of the milling costs, 
come to 81.06 per ton milled. All supplies are hauled from Kingman 
over a good mountain road, at a cost of §8.50 per ton. 


Table 1. — Consumption of Chief Items of Supplies 


1 

Pounds per Ton 
of Ore Milled 

Pounds per Ton 
of Solution 
Precipitated 

Per Ounce Pine 
Gold 

Recovered 

Sodium cyanide: 

1917 

1918 

0.722 

0.747 

0.198 

0.216 

0.717 

0.709 

Average 

0.735 

0.208 

0.713 

Zinc dust: 

1917 

0.548 

0.150 

0.544 

1918 

0.388 

0.113 

0.368 

Average 

0.464 

0.141 

0.450 

Lime: 

1917 

4.150 

1.140 

4.121 

1918 

4.930 

1.430 

4.675 

Average 

4.550 

1.290 

4.417 

5-in. chrome balls: 

1917 

0.925 


1918 

0.929 



Average 

0.927 



IJ^- and 2-in. chrome balls: 

1917 

1 2.12 



1918 

2.14 



Average 

2.13 







Table 2 shows the operating costs per ton of ore milled for the past two 


years: 


Table 2. — Cost of Operations 



Operating 

Labor 

Repair 

Labor 

Supplies 

Power 

Miscel- 

laneous 

Total 

1917 

$0.4738 

$0.0902 

$1.0675 

$0.4751 

$0.0448 

$2.1514 

1918 

0.4664 

0.0834 

1.0463 

0.5592 

0.0297 

2.1850 

Average 

0.4698 

0.0866 

1.0565 

0.5197 

0.0374 

2.1691 


Opebations 

Crushing. — ^In the mine before reaching the skip pockets, all the ore 
passes through grizzlies set at a maximum opening of 10 in. (25.4 cm.). 
The 2M-toii skips dump automatically into the flat-bottomed coarse- 
ore bin, which is 16^ by 16H by 20 ft. (5.03 by 5.03 by 6.09 m.), holds 
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250 tons, and will deliver by gravity about 180 tons. The feed is taken 
from the center of the bottom of the bin by a 42-in. (1.06 m.) maple- 
lined, link-belt, pan conveyor, using 2 kw. average load, and operating 
at a speed of 3 ft. (0.914 m.) per min. Hand picking for waste on this 
drag conveyor yields about 2 per cent, of the mine run at a cost of 86 c. 
per ton of waste. 

The coarse crusher, a Telsmith No. 6 primary breaker, is set to deliver 
a 2-m. (5-cm.) product, and handles about 35 tons per hour, using 10 kw. 
average power load. Lately, the crusher has been preceded by 
(4.44 cm,) grizzlies which by-pass most of the fines to the conveyor belt 
direct, thus relieving the crusher load and materially reducing crusher 
repairs. 

From the crusher the product is conveyed by an 18-in. (45.72 cm.) 
belt set at 20° incline over a Merrick weightometer, and delivered to the 
fine-ore bin. This belt, operating at a speed of 250 ft. (76.2 m.) per min. 
handles up to 50 tons per hour, taking 7.6 kw. average power. The 
weightometer is checked monthly by a roller chain and, periodically, by 
weighing a quantity of ore on platform scales. The results have been 
entirely satisfactory. 

In the analysis of crushing costs, the increase in the second year is 
largely due to repair or replacement items, which naturally would not 
appear’ m the first year's operations. 


. Table 3. — Coarse Crashing Costs per Ton of Ore 



Operating 

Labor 

Repair | 

Labor 

1 

Supplies 

Power 

Total 

1917 

$0.0211 

0.0209 

0.0210 

$0.0092 1 
0.0153 
0.0123 

$0.0170 

1 0.0359 

0.0269 

$0.0112 

0.0100 

1 0.0106 

$0.0585 

0.0821 

0.0709 

1918 

Average 



Two-stage crushing would be desirable to secure finer ball-miU feed 
and doubtless could be effected at an equal, or even lower, cost than 
here obtained. 

A nice point of design is the relation of ore storage, particularly mine 
run, to the daily output. A storage of several days' ore should be pro- 
vided for, as it is an important factor in the continuous and even operation 
of both mine and mill. This point is too often overlooked in otherwise 
well-designed plants for smaller sized mines. 

Fine-ore Bin . — The fine-ore bin is a 24 by 24-ft. (7.3 by 7.3-m.) flat- 
bottom wood tank furnished by the Pacific Tank Co., and made of 4r-in. 
(10.16-cm.) merchantable Oregon pine; its capacity is 600 tons. This 
makes a most economical and satisfactory bin for this purpose. The 
belt diimps above the .center of this bin and the feed is drawn from the 
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center of the bottom by a rack-and-pinion gate feeding an 18-in. link- 
belt, pan conveyor running at 33 in. (83.82 cm.) per min*, using 2 kw. 
on average load, and delivering up to 15 tons per hour. The amount 
of feed is controlled by the opening of the bin gate. A record is kept of 
this opening, as measured by the number of teeth or notches on the bin- 
gate operating rack shown above a stationary marker at one side. These 
notches multiplied by the time give notch-hours from which a known 
factor gives a fairly accurate estimate of the tonnage milled for each 
shift or for any desired period. 



AlI. pass 14 MESH. , 

Coarse Grinding , — The coarse grinding is done in a No. 64J^ Marcy 
mill, working in closed circuit with a special simplex Dorr classifier, set 
on a 3-in. (7.62 cm.) slope and making 34 strokes per minute. This 
mill operates at 26 r.p.m. and carries a load of 9000 lb. (4082.3 kg.) of 
5-in. (12.7 cm.) forged chrome balls. It reduces 260 tons of ore as it 
comes from the crusher, all of which would pass through a 2-in. (6.08-cm.) 
ring to all through 20 mesh. The average power used is 67 kw. The 
grinding is done in a 1.6 (725.7 gm.) KCN solution showing 1 lb. 
(453.5 gm.) protective alkali. The accompanying tables and screen 
analysis give the details of the mill operations and supplies. 

Control of the coarse grinding is maintained by varying the specific 
gravity of the pulp in the special Dorr classifier, and by the bin gate. 
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Table 4. — Ball-mill Data 


^ phS Kw.-hr. 

R.p.m. Speed of Per Ton, 

BaU 

Load, 

Pounds 

No. 64J^ Marcy mill 2-in. feed 

groimd to pass 20 mesh 

Allis-Chalmers 5X6 Peb Mills 

^ ' i 

26 i 490 11.00 67 

i ’ 

6.09 

9000 

20-mesh feed ground 82 per cent’. 
- 200 

28 j 440 3.75 j 48 

12.80 

i 

i 8000 

1 


Table 5. — Total Steel Consumption 


No. 64H Marcy Mill 

Lb. Per Hr., 
Including 
Scrap 

Lb. Per Ton, 
Including 
Scrap 

Per Cent, of 
Metal Lost as 
Scrap 

Cost Per Ton, 
Ore Milled 

5-in. chrome-steel balls 

10.58 

0.925 

None 

$0.0544 

Feed-end liners, manganese steel 

0.717 

0.072 

32.2 

0.0110 

Shell liners, manganese steel, step type 

1.650 

0.163 

45.5 

0.0268 

Discharge grates, chrome steel 

0.566 

0.055 

48.4 

0.0137 

Bolts, clamp bars, center liners, etc 

0.214 

0.022 

63.8 

0.0068 

Total liner consumption 

3.147 

0.312 

43. 

0.0583 


The discharge of the mill is maintained at about 30 per cent, moisture, 
which is determined and recorded hourly. The normal return circuit 
from the classifier is about two to one of original feed, but this ratio in- 
creases rapidly as the rate of original feed is lowered, as it is necessary 
to return more oversize to keep the mill from pounding. 

As in coarse crushing, the second year’s costs are increased by renewals 
and replacements not occurring in proportionate amount in the first 
year’s operation. Other factors tending to increase the 1918 costs were 
increases in wages of 28 per cent., power 15 per cent., and supplies in 
some cases, over 100 per cent. 


Table 6, — Coarse Grinding Costs per Ton of Ore 



Operating 

Labor 

Repair 

Labor 

Supplies 

Power 

Miscel- 

laneous 

Total 

1917 

$0.0429 

$0.0140 

$0.1097 

$0.1183 

$0.0001 

$0.2850 

1918 

0.0387 

0.0165 

0.1424 

0.1465 

0.0021 

0.3462 

Average j 

0.0407 

0.0153 

0.1267 



0.1330 

0.0014 

0.3171 


Fine Grinding. — ^Fine grinding is accomplished in two 5 by 6-ft. (1.52 
by 1.82 m.) Allis-Chalmers ball granulators. These mills carry a ball 
load of 8000 lb. (3628.7 kg.) of 2-in. (5.08 cm.) chrome steel pebs and 
consume 48 kw. average load. They grind some 90 tons each from all- 
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tlirough-20-inesh, to 82 per cent, minus-200-mesli. These mills work 
in closed circuit with standard model C, duplex 54-in. (137.16 cm.) Dorr 
classifiers, set at 2^^-in. (5.7-cm.) pitch and operating at 18 strokes per 
rake per minute. As this size classifier was found to be greatly over- 
loaded for such fine separation, an 8-ft. (2.4-m.) Callow cone was placed 
to take the overflow of each classifier. The spigot product of the cone is 
returned by Frenier pump to the classifier feed boxes. The slime over- 
flow of the classifier was raised 4 in. (10.16 cm.) which also helped mate- 
rially in the classification. 

In the fine grinding, the moisture content of the discharge is main- 
tained at about 30 per cent., and, just as in the coarse grinding, the main 



Fig. 3. — CxjmueiAtive direct diagram op screen analysis on sample op duplex 
Dorr classipibr. Ball-mill peed 85 tons per 24 hr. All pass 28 mesh. 


control is the specific gravity of the classifier, measured by hydroma 
ter and recorded hourly. With an overflow of 4.5 to 5 of solution, to 
1 of ore, the final grinding is maintained at about 82 per cent, through 200 
mesh. 

The addition of steel balls to aU mills is made daily, the amount being 
calculated from the tonnage milled. A record is kept of the hours run 
and tons milled for the different parts of the mill liners, so that it is nec- 
essary to open a mill only when this schedule shows some part approach- 
ing exhaustion. 

As stated before, the duplex classifiers are followed and aided by two 
8-ft. Callow cones. These cones are equipped with the usual gooseneck, 
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the discharge, a 13^^-in. (3.8-cm.) pipe, being 30 in. (76.2 cm.) below the 
overflow of the cone. After considerable experimentation, this size of 
outlet and head for the discharge proved to be best suited to our needs. 
Each cone feed or classifier overflow contains some 213 tons of solids and 
970 tons of solution. The underflow carries back 73 tons of solids and 86 
tons of solution, leaving a cone overflow of 140 tons of solids and 884 tons 
of solution. The screen tests, Fig. 4, show the results obtained. This 
arrangement also acts as a trap for any coarse gold, so that a considerable 
increase in value of mill heads can be accommodated without the necessity 
of cutting tonnage. The spigot product is returned to the Dorr classifier 
by No. 3 Abbe Prenier spiral sand pumps. 



Fiq, 4^ — Cumulative direct diagram of screen analysis on sample op Callow 

CONE PRODUCTS. AlL PASS 48 MESH. 

In passing from the grinding end. of the plant it is of interest to note 
that comparative data in the district show that two-stage ball-milling is 


Table 7. — Fine Grinding Costs Per Ton of Ore 



Opera^g 

Labor 

Repair 

Labor 

Supplies 

* 

Power 

Total 

1017 

$0.0553 

i0^£^ 

O.!0lt7l 

■ . ■ 

$0.1862 

0.2393 

0.2140 

1 

$0.1899 

0.2055 

0.1981 

$0.4642 

0.5297 

0.4985 

1918 

Average. ...... ... 
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Table 8. — Total Steel Consumption, Including Scrap 


Allis-Chalraers 5 by 6-ft, Ball Peb. Mills 

Lb. Per Hr. 

1 Lb. Per , 
Ton Milled, 

Lb. Per i 
Ton 

Reground ' 

Per Cent. 
Lost as 
Scrap 

Cost Per 
Ton Ore 
Milled 

chrome balls 

11.90 

1 2.120 

3.180 

1 

None 

^0.1662 

2-iii. chrome balls 

, 11.25 

I 2.000 ; 

3.000 

None 

0.1568 

cast-iron balls 

' 16.30 

2.900 ' 

4.350 

None 

0.1592 

Feed-end chrome steel liners 

^ 0.220 

, 0.040 

0.060 

52 

0.0072 

Throat chrome steel liner 

1 0.037 

1 0.007 

0.010 

40 

0.0012 

Shell chrome steel liners 

0.630 

! 0.115 

0.173 

28 

0.0218 

Discharge grates, tool steel 

; 0.029 

} 0.005 

0.008 

40 

0.0014 

Discharge wedges, chrome steel — 

i 0.093 

0.017 

0.026 

41 

0.0031 

Total liner consumption 

I 1.009 

i 0.184 

1 

0.277 

i 

45 

0.0347 



Fig. 6. — Cxjevb op DissonrriONj280 tons^asis. 

about 15 per cent, cheaper than the same work accomplished with stamps 
and tube-mills. At the same time, indications are that single-stage ball- 
nullmg shows the same supply and labor costs but some 20 per cent, 
greater power consumption. 

Agitation . — From the fine-grinding department, the pulp flows by 
gravity to No. 1 Dorr thickener, arriving with a gravity of 1.12 and a 
dilution of 1 part of ore to 4.5 parts of solution. The thickened underflow 
is pumped by a duplex, Campbell & Kelly No. 4 diaphragm pump to the 
first of a series of seven 14 by 24-ft. (4.26 by 7.31-m.) diam. Dorr agitators, 
which are arranged to handle the continuous flow of pulp by gravity. 
The flow of pulp is 280 tons per day with a specific gravity of 1.40. The 
period of agitation is about 62 hr., after which dissolving of values is 
almost negligible, as shown by the curve of dissolution. Fig. 5. Agita- 
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tion is carried on by air at 30 Ib. (13.6 kg.) pressure. C'Ompression is 
accomplished by two belt-driven IngersoU-Rand compressors, Class 
E. R. I., size 9 by 8 in. (22.86 by 20.32 cm.) using 15 kw. each. 

From the agitators the pulp flows through five 40 -ft. (12.19-m.) 
Dorr thickeners arranged for straight counter-current work. The barren 
solution, 3.76 tons per ton of ore, is introduced in No. 4 thickener, and the 
wash water, about 0.82 tons per ton of ore, is introduced in No. 6 thick- 
ener. The flow at No. 6 thickener is split and about one-third is sent 
to No. 7 thickener, a 30 by 8-ft. (13.6 by 3.6-m.) tank. The discharge of 
No. 6 and No. 7 thickeners flow together to the tailings pond at a moisture 
content of 0.82 ton of solution to 1 ton of ore. 

The seven agitators, seven thickeners, and six duplex diaphragm 
pumps are all driven by one hne shaft and consume an average of 6 kw. 
or just over 8 hp. The solutions are handled by direct-connected centri- 
fugal pumps controlled by automatic float switches. 

The primary thickener taking the dilute overflow of the cones, 280 
tons of ore to 1768 tons of solution, has a settling area of 4.37 sq. ft. 
(0.407 sq. m. ) per ton of ore, and a settling ratio of 38 cu. ft. (1.076 cu.m.) 
per ton of ore. It is necessary, however, to operate this thickener with a 
low mud line to prevent colloidal material being drawn over into the gold 
tanks. About 870 tons of solution are precipitated daily and the balance, 
about 600 tons, is returned to the mill storage. . 

The regulation of all thickeners is maintained by varsdng the speed or 
the length of stroke of the diaphragm pumps. The gravity of the dis- 
charge and depth of the mud line below the overflow are determined and 
recorded every 4 hr. These data are plotted on cross-section paper and 
form part of the permanent records. The gravities are determined by 
weighing a milk can holdtog about 1 gal. (3.7 1.) of pulp on a beam scale, 
the beam of which is graduated to read in specific gravity. The mud liile 
is determined by use of a weighted bottle, which will sink in solution but 
float on the mud. The maximum gravity is obtained with the highest 
mud line consistent with a clear overflow, other factors of alkalinity, 
temperature, and density of feed remaining constant. 

Titrations are made and recorded every 2 hr. All additions of cyanide 
are made to No. 1 agitator, where the cyanide is built up to 2.7 lb. (1.22 
kg.)_ KCN per ton of ore. Lime is added dry to the Marcy mill feed. 


Table 9. — Cyaniding Costs Per Ton of Ore 



Operating 

Xabor 

Repair 

LaDor 

Supplies 

Power 

Miscella- 

neous 

Total 

1917 

1918 

Average 

$0.0972 

0.0867 

0.0917 

$0.0237 

0.0257 

0.0248 

$0.4575 

0.3553 

0.4042 

$0.0884 

0.1153 

0.1025 

$0.0018 

0.0010 

$0.6668 

0.5848 

0.6242 
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The reduction in cost price of cyanide during 1918 more than oifsets 
the adverse factors of power and labor in cyanide costs. 

The counter-current flow sheet affords an interesting comparison of 
theoretical and actual results. Doubtless the main factor contributing 
*to the deviation of these figures is the dissolution of values in the thick- 
ening zone; this is naturally most apparent in No. 1 thickener. 

Milling Conditions , — Each day 263 tons are crushed in cyanide 
solution, S20.66 gold is dissolved as follows: $10 end No. 1 thickener, 
$10.30 in agitators; 20 c. No. 2 thickener; 0.07 c. No. 3 thickener; 0.04 c. 


1102 Tons 



Fig. 6. — United Eastern flow sheet counter-current decantation. 


No. 4 tMokener; 0.02 c. No. 6 thickener; 0.03 c. No. 6 thickener. No. 1 
thickener discharge 62.5 per cent, moisture; No. 2 thickener, 61.5 per 
cent.; No. 3 thickener, 52.5 per cent.; No. 4 thickener, 54 per cent.; 
No. 5 thickener, 51 per cent.; No. 6 thickener, 46 per cent. Eight 
hundred seventy-two tons from No. 1 thickener precipitated to 2.6 c. 
Agitation, 1 part of ore to IJ^ part of solution at 2.6 lb. KCN. Seventy 
tons wash solution at 40 c. returned from dam to No. 6 thickener. 
Cyanide strength No. 1 thickener 1.9 lb. KCN, add 0.75 lb. NaCN per 
ton ore = (0.94 lb. KCN) to No. 3 agitator. 


Table 10. — Valices of Solutions in Various Thickeners 



Solution Values 

Cyanide Strength (KCN) 
Pounds per Ton 

Theoretical 

Actual 

Theoretical 

Actual 

u 

$6.24 

$6.22 

1.90 

1.90 

V 

3.97 

5.85 

1.9819 


• w 


1.78 

1.7881 

1,80 

X 




1.70 

y 



1.244 

1.20 

z 

0.20 

0.26 

0.685 

0.80 


The theoretical dissolved loss per ton of ore is $0.1704, the actual 
loss is $0.215. , The theoretical cyanide loss per ton of ore is 0.4676 lb. 
of NaCN, the actual loss is 0.525 lb. NaCN. 
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Precipitation , — The pregnant solution from the primary thickener 
flows by gravity to the No. 1 gold tank from which it is pumped by a 
Krogh centrifugal pump through a Merrill central-sluicing 
clarifying filter consisting of 28 frames, ft. square. This filter delivers 
the clear solution to the No. 2 gold tank, or steady-head tank of the Crowe 
vacuum-treatment system. Zinc dust is added to the solution as it 
leaves the vacuum-treatment system. Control of precipitation is largely 
mechanical and is based on past experience. The shift foreman checks 
the rate of zinc feed by weighing a 5-min. rim, which is normally about 
110 gm. but varies from 100 to 120 gm., according to the assay 
value of the solution being precipitated. When a new press is cut in, 
20 lb. (9.07 kg.) of zinc dust is added at once and the rate of feed is in- 
creased for 6 hr. to 220 gm. per 5 min. The solution discharged from 
the press during the first 15-min. run is returned to the gold tank. This 
is with a precipitation rate of some 36 tons of solution per hour. 

The cost of precipitation showed a decided reduction in 1918, due 
partly to the lower cost price of zinc dust but mainly to the use of the 
Crowe vacuum treatment, which effected a saving of nearly 50 per cent, 
in the amount of dust used. 


Table 11. — Precipitation Cost per Ton of Ore 



1 Operating 
! Labor 

I 

Repair 

Labor 

SuppKes 

Power 

j Total 

1917 

$0.0003- 

$0.0032 

$0.1274 

$0.0243 i 

$0.1552 

1918 

0.0002 

0.0024 

0.0946 

0.0178 1 

0.1150 

Average 

0.0002 

0.0028 

1 0.1103 

0.0209 i 

0.1342 


Vacuum Treatment , — ^Vacuum treatment is carried out in a 4 by 
10-ft. (1.2 by 3.01-m.) vacuum receiver or drum set on end, the 6-in. 
(0.15-m.) inlet of which is in the center of the top and 23.4 ft. (7.13 m.) 
above the solution level in the steady-head tank, and is poured down over 
a series of perforated trays. During this process, the occluded air is 
liberated and removed by the vacuum pump. The solution level in 
the vacuum receiver is maintained at a height of about 30 in. (76 cm.) 
by a float operating a butterfly-valve in the intake pipe. This float rod 
is fitted with an electric contact, which sounds a ‘‘Klaxon’’ alarm if 
for any reason the solution level gets dangerously low. The discharge 
of the vacuum receiver is from the center of the bottom. It feeds by 
gravity to a 7 by S-in. (17.7 by 20.3-cm.) triplex pump set so that the 
pump glands are 32.8 ft. (9.99 m.). below the solution level in the receiver. 
This keeps a slight pressure on the pump glands and prevents any intake 
of air at that point. The zinc dust is fed to this pump, where it is mixed 
with vacuum-treated solution. It is then pumped to the refinery and the 
two 32-frame, 36-in. Merrill precipitating presses. The barren solution 
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SURFACE PLANT 

1. Shaft collar. 3>compartment shaft 5 ft. 
0 in. by 5 ft. 0 in. in clear. 

2. Head-frame 32 ft, 0 in. by 36 ft. 6 in. base 
76 ft. 0 in. to sheaves. 

3. Hoisting sheaves 7 ft. 0 in. diam. 43^6 in. 
bore 1 in. cable. ^ 

4. Skip-dumping frame. 

5- Allis-Chalmers double-drum electric hoist, 
parallel motion post brakes. 150-hp. motor, 
direct connected through herringbone gears. 
Rope si>eed 800 ft. per min. 1 in. rope. 

6. Mine compressors, Ingersoll Rand, 9 in. by 
12 in. by 16 in., belt-driven 888 cu. ft. free air 
per min. to 100 in. press. 

7. 160-hp. motor 695 r.p.m. 24 in. by 20 in. 
pulley. 

8. Hoist house. 

9. Three concrete walls 12 in. thick, supporting 
bin. 

10. Concrete wall 14 in. top, batter 1 in. per 
ft. Bin support and retaining wall above crusher 
floor. 

11. Coarse ore bin 16 ft. 6 in. by 16 ft. 6 in. by 
19 ft. 6 in. deep. Discharge 150 tons gravity. 

COAESE-CRIJSHING DEPARTMENT 

12. 42-in. link belt pan conveyor, IH ft. per 
min . 25 tons per hr. 3-hp. motor. 

13. No. 6 Telsmith breaker 6 to 1 reduction 
46 in. by 12 in. pulley. 

14. 50-hp. Allis-Chalmers motor, 8 in. by 
12 in. pulley. 860 r.p.m. 

16. Crusher house. 

16. 18-in. trough conveyor. Rise 20° weighted 
takeup. 

17. Merrick weightometer. 

18. 10-hp. Allis-Chalmers motor, 9 in. by 7 in. 
pulley, 575 r.p.m. 


GRINDING AND CYANIDE DEPARTMENT 

19. Mill bin. 24 ft. diam. 24 ft. high, 3 in. 
staves, 4-iii. bottom, discharge 400 tons gravity. 

20. Mill building. 

21. 18-in. link belt pan conveyor; IH ft. per 
min. tons per hour. 

22. 3-hp. motor. 

23. Two No. 64 K Marcy mills. Each, 300 
tons per 24 hours from 1 in. to 20 mesh 25 r.p.m. 

24. Two 100-hp. motors, direct connected. 
435 r.p.m. 

25. Two Simplex Dorr classifiers, drag-over 
returned to Marcy mill. 

26. Mechanical distributor. 

27. Three Duplex Dorr classifiers in closed 
circuit with ball-peb mills. 

28. Three 5 ft. by 6 ft. Allis-Chalmers ball-peb 
mills with 42 in. scoops; 28 r.p.m. 

29. Three 75-hp. Allis-Chalmers motor, direct 
connected, 435 r.p.m. 

30. Two 8-ft. callow cones, spigot discharge 
to classifiers. 

31. Erenier sand pump, belt driven, 22 r.p.m. 

32. No. 1 thickener 40 ft. by 12 ft. Dorr 
m-’ch'y. Ho r.p.m. of arms-settling area, 1227 sq. 
ft. Cap. 96,000 gal., 480 tons. ^ 

33. 4-in. pipe, pulp from thickener to pump. 

34. 4-m. pipe, clear solution from thickener to 
sol. tank. 

35. No. 1 diaphragm pump. 

36. No. 1 agitator tank. 24 ft. by 14 ft. Cap. 
39,100 gal.-196 tons. Dorr machinery, 2 to 3 
r.p.m. of arms. 

37. No. 2 agitator (same). 

38. No. 3 agitator (same). 

39. No, 4 agitator (same). 

40. No. 5 agitator (same). 

41. No. 6 agitator (same). 

42. No. 7 agitator (same). 
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Fig. 7. — iConlinued) 


48. No. 2 tHckener (like No. 1). 

44. Overflow No. 2 thickener. 

45. No- 2 diaphragm pump. 

46. No. 2 sump tank. 10 ft. by 6 ft. Cap. 
381 cu. ft. -2850 gal. -11.9 tons. Automatic float 
controlling pump switch. 

^ 47. Two belt-driven centrifugal pumps. Suc- 
tion from No. 2 sump tank, discharge to mill- 
solution tank. 

48. 15-hp. motor. 

49. S-in. pipe to mill-solution tank. 

50. Mill-solution tank 18 ft. by 16 ft. Cap. 
27,700 gal,-116 tons. 

51. 3-in. pipe to mill. 

52. No. 3 thickener (like No. 1). 

53. No. 3 diaphragm pump. 

54. Overflow No. 3 thickener. 

55. No. 3 sump tank (like No. 2). 

56. No. 4 thickener (like No. 1). 

57. No. 4 diaphragm pump. 

58. Overflow No. 4 thickener. 

59. No. 4 sump tank (like No. 2). 

60. 2H“in. Krogh centrifugal pump d. c. to 
2-hp. motor, 1700 r.p.m. discharge to No. 2 

61. No. 5 thickener (like No. 1). 

62. No. 5 diaphragm pump. Pulp from No, 5 
thickener to latmder No. 64. 

63. Overflow No. 5 thickener to No. 4 thickener. 

64. Launder delivering % of pulp from No. 5 
thickener to No. 6 thickener and' of same to 
No, 7 thickener. 

65. No. 6 thickener (like No. 1). 

66. No. 6 diaphragm pump (tailings) from 
No. 6 and No. 7 thickeners. 

67. No. 7 thickener (like No. 1, except size, 
8 ft. by 30 ft). 

68. Two I.-R. compressors 9 in. by 8 in. 
17 b. hp. 

69. Two 20-hp, motors 12 in. by 8K iu. pul- 
leys. 1160 r.p.m. 

70. Cy. department floor sump., 6 ft. by 6 ft. 
by 6 ft. 

71. 2-in. Krogh cent, pump d. c. to 2-hp. motor. 
1700 r.p-m. Delivers to No. 2 thickener. 

72. Heating boiler, oil-fired 80 b. hp. Steam 
coils in agitators No. 1, No. 2 and No. 3. Sump, 
tank No. 3 and clear solution gold tank. 

73. Air lift for No. 7 thickener feed. 

74. No. 6 sump tank (like No. 2). 

75. Krogh cent, pump d. c. to 7M hp. 
motor 1740 r.p.m. drawing from sump tank 
No. 2, delivers to mill-solution tank. 

76. 2-m. Krogh cent- pump d. c. to 3~hp. motor. 
1720 r.p.m. Drawing from No. 6 sump tank, 
delivering to No. 1 agitator or No, 5 thickener. 

77. 2-in.. Krogh cent, pump d. c. to 2-hp. motor. 
1700 r.p.m. drawing from No. 4 sump tank, 
delivering to No. 7 agitator. 

78. Krogh cent, pump d. c. to 7H hp. 
motor 1740 r.p.m. Drawing from barren- 
solution tank and delivering to No, 4 thickener. 


CLARIFYING DEPARTMENT 

90. Press-solution tank 20 ft. by 10 ft. Cap. 
87 tons. 

91. 4-m. suction line to 2-in. centrifugal pumps. 

92. Two interchangeable 2H-in. centrifugal 
pumps (Krogh) direct connected to 7 ^^ hp. 
motors 1740 r p.m. Drawing from press-solu- 
tion tank, sluicing-water tank or clarifying 
department sump and discharging to clarifying 
press, No. 4 or No. 3 thickener or mill-solution 
tank. 

93. Merrill clarification press, ft. by 3H ft., 
28 frame. 

94. Launder taking press discharge to gold 
tank. 

95. Gold tank, 20 ft. by 10 ft. Cap. 87.5 tons. 

96- 6-in. suction from gold tank to vacuum 

tank. 

97. Vacuum treatment tank, 4 ft. by 10 ft., 
removing air from pregnant solution. 

98. 1-in, pipe to vacuum pump. 

99. Vacuum pump. 

100. Vacuum pump motor, 2 hp. 

101- 6-m. discharge from vacuum tank to 
No. 1, Triplex pump. 

102. Auxiliary suction, gold tank to No, 1, 
Triplex pump. 

103. No. 1, 7 in. by 8 in, Platt Iron Works 
Triplex pump delivering pregnant solution to 
refinery. 

104. Zinc-dust feeder ^and emulsifier, delivering 
zinc to suction of No. 1 ‘Triplex pump. 

105. No. 2, 7 in. by 8 in. Platt Iron Works 
Triplex pump, suction connected to draw from 
barren-solution tank or cyanide department 
sump. 

106. Emergency connection, enabling No. 2 
Triplex to draw any agitator or thickener. 

107. No. 2 Triplex discharge to No. 1 thickener 
or No. 1 agitator or to sluicing jet for clarifying 
press. 

108. 15-hp. motor driving No. 1 and No. 2 
Triplex pumps through countershaft. 

109. Clarifying department floor sump. 

110. Sluicing-water sump tank, 6 ft. by 8 ft. 

111. 1-hp. motor driving clarifying press. 

112. 1-hp. motor driving zinc-dust feeder. 

REFINERY 

120. Refinery bldg, concrete block walls, steel 
roof. 

121. Two Merrill precipitation presses, 36 in., 
32 frame. 

122. 4-in, pipe bringing pregnant solution to 
presses. 

123. 3-in. pipe from presses to barren-solution 
tank. 

124. Barren-solution tank, 16 ft. by 16 ft. 

125. Double-muflae Case roasting furnace. 
Use discontinued. 

126. Case tilting crucible furnace. 


VOL. LXIIl. — 36. 



WHEELER O. NORTH 


563 


from the presses is returned to the No. 4 thickener, part of it being used 
as cooling water for the air compressors on the way back. 

Clarification . — The clarifying filter is dressed with No. 10 duck. One 
set of cloths lasts about 6' wk. The feed pressure on this filter varies 
from 8 lb. (3.62 kg.) with a clean press, up to 33 lb. (14.96 kg.) just before 
sluicing. The press is normally sluiced every 6 hr., using barren solution 
under 50 lb. (22.68 kg.) pressure. It is very essential that the sluicing bar 
and nozzles be maintained at a high state of efficiency; a spare bar is 
always kept in readiness. The cloths become coated with a lime and 
alumina deposit so that acid treatment is necessary every three days, 

A hot solution of 0.9 per cent. HCl is used with a contact of 60 min., 
the acid being circulated through the press by a iK-in. centrifugal 
pump. After treatment, the press and acid-circulating system are 
drained and washed out, and the acid solution is stored, for future use, 
in a redwood sump tank. 

The sludge from the ordinary sluicing of the filter is returned to 
No. 3 thickener, as it always contains gold values and cyanide. Ordinary 
sluicing takes 10 min. and the acid treatment about 90 min, so that the 
filter normally operates 96 per cent, of the day. Redressing requires 
nearly 5 hr. This filter can clarify 1000 tons of solution per day imder 
these working conditions. 

In both precipitation and clarifying costs, the only operating labor 
charged is that of changing cloths. 


Table 12. — Clarifimtim Cost per Ton of Ore 


j 

1 

Operating i 
Labor 

[ 1 

Repair 

Labor 

j SuppKes 

Power 

1 

Total 

I 

1917 

1918 

Average 

1 $0.0010 
0.0004 
0.0007 

$0.0017 

0.0020 

0.0018 

$0.0197 

0.0337 

0.0270 

$0.0073 

0.0100 

0.0087 

$0.0297 

0.0461 

0.0382 


Clean-up . — ^The precipitation presses are dressed with four thickn 
of sheeting. The outside doth is removed at each clean-up and a new 
cloth is added on the bottom. By this method no duck or canvas is 
required and the condition of the cloths as regards “liming up” is 
maintained nearly constant. When it is desired to clean a press, the solu- 
tion is cut off and the press is drained and blown with compressed air 
from 60 to 90 min. ; this dries the precipitate to about45 per cent, moisture. 
The press is then opened and the prmpitate is scraped into the precipi- 
tate wagon. The outside cloths, with some adhering precipitate, are 
removed and burned in a special furnace and the resulting ashes are 
returned to the undried precipitate. 

After determining the moisture content, the undried raw precipitate 
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is fluxed with 11 per cent, borax glass^ HM cent, sodium bicarbonate, 
6 per cent, manganese dioxide, 3.3 per cent, ground bottle glass, and at 
least 10 per cent, of old slag shells from former melts, the percentage 
being in terms of the calculated weight of the dry precipitate.^ 

A precipitate press ordinarily runs from 5 to 6 days, and yields about 
130 lb. (58.96 kg.) dry precipitate. In resuming precipitation after a 
final clean-up, one press is given the entire flow. When this builds up 
a pressure of 35 to 40 lb. (15.87 to 18.14 kg.), the second press is opened 
just enough to maintain the pressure of the first press below 45 lb. (20.41 
kg.). When the second press reaches 20 lb. pressure, the entire flow 
is turned into it and the first press is cleaned. This method is carried 
on until the end of the month when a final clean-up is made. The solu- 
tion is metered by a revolution coxmter on the triplex pump, which is 
calibrated at intervals with a known tonnage of solution. Solution 
samples are taken each shifty the heads are a dip sample every hour 
and the tails a drip sample from the barren flow. The tonnage and the 
average solution assays give the ounces of gold precipitated daily; this 
is checked monthly against the bullion sold. 

Melting , — The fluxed wet precipitate is placed in No. 5 paper bags 
and fed to an oil-fired No. 150 Case tilting furnace, using a No. 100 long- 
lipped, graphite pot. When ready for pouring, the pot contains fifteen 
sacks of precipitate and yields a 600- or 700-oz. button and some 40 
to 50 lb. of slag. This charge is poured into a conical mold and allowed 
to set a few minutes. The slag is then tapped through a hole about 
2 in. (5.08 cm.) above the gold button, and run into cold water for granu- 
lation. The cold skull of shell left in the mold, which contains most of 
the shot, is put back with a subsequent charge. The granulated slag,- 
which carries some 25 oz. of gold per ton and as much silver is ground 
in a small-ball mill and concentrated with a laboratory-sized Diester 
table. The resulting slag tails from each month’s run, of which we usu- 
ally have less than 400 lb. (181.4 kg.) carries a total value of about 
$50. This is shipped to the smelter once a year. 

An average month’s run will show: Crude dry precipitate, 21,000 oz. 
troy or 1440 lb. avoirdupois; 71 per cent, bullion 3 deld, 14,936 oz. troy 
or 1024 lb. avoirdupois; 39.7 per cent, gold yield, 8538 oz. troy or 573 
Ib. avoirdupois; 21.4 per cent, silver yield, 4497 oz. troy or 308 lb. avoir- 
dupois. The crude precipitate contains from 6 per cent, to 7 per cent, of 
zinc and about 10 per cent, of lead, the latter coming from a lead acetate 
drip added as the solution leaves the clarifying filter. 

The bullion buttons are remelted and cast into bars weighing about 
150 lb. (68.03 kg.) each. A dip sample is taken with a 10-gm. clay 
crucible just before pouring. This sample is granulated in cold water 
and is sent to the assayer. The bullion, as shipped, has an approxi- 
mate fineness of 560 in gold and 301 in silver. 
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The Case furnace consumes 3 gal. (11.3 1.) of “27 plus” fuel oil per 
hour and smelts an average of 14 lb. (6.35 kg.) of precipitate in the same 
time. The pots, which are heated intermittently, have an average life 
of about 30 hr. At least once a year the entire furnace lining is removed, 
crushed, and concentrated, the tailing being fed back to the main mill. 
The old crucibles are likewise crushed and concentrated, the tailing 
being sacked and stored. All solution, wash water, etc. from the refinery 
are filtered and used in the mill. The workmen’s clothes are purchased 
by the company and are burned monthly. Canvas gloves are used 
daily and are burned with the clothes. The costs of clean-up and refinery 
like those of precipitation were materially reduced in 1918 by the use 
of the vacuum precipitation. The zinc content of the crude precipitate 
was reduced from 30 or 35 per cent, to 6 or 7 per cent., while the bullion 
content was raised from 54)^ to 71 per cent. This increase in metal 
content allowed the substitution of the No. 100 crucible for the No. 150, 
as the smaller pot easily yielded a button from 600 to 700 oz., which is 
about as large as can be conveniently charged into a red-hot furnace 
without danger of cracking the crucible. 


Table 13. — Refining Cost per Ton of Ore 


I 

1 

i 

Operating 
Lsibor j 

Repair ] 
Labor 

Supplies j 

i 1 

Power 

Miscella- 

neous 

Total 

1917 

1918 

Average 

$0.0437 

0.0444 

0.0441 

$0.0051 
0.0026 
0.0038 1 

$0.0710 
0.0366 1 
0.0630 1 

$0.0004 

0.0008 

0.0006 

$0.0017 

0.0009 

$0.1202 

0.0861 

0.1024 


For convenience of comparison, the costs of clarifying, precipitating 
and refining for 1918 are also given per ounce of gold, and per ton of solu- 
tion precipitated: 


Table 14. — 1918 Costs per Ton of Solution Precipitated 



Operating 

Labor 

Repair 

Labor 

Supplies 

Power 

Miscella- 
1 neous 

Total 

t 

Clarification 

$0.0001 

$0.0006 

$0.0098 

$0.0029 


$0.0134 

Precipitating. . . 

0.0001 

0.0007 

0.0274 

0.0052 


0.0334 

Refining. 

0.0129 

0.0008 

i 

0.0106 

0.0002 

$0.0005 

0.0250 


Table 15. — 1918 Costs Per Ounce Fine Gold Recovered 



Operating 

Labor 

Repair 

Labor 

Supplies 

Power 

Miscella- 

neous 

Total 

Clarification 

$0.0003 

$0.0019 

$0.0318 

$0.0095 


$0.0435 

Precipitating. . . 

0.0002 

6.0023 

0.0892 j 

0.0168 


0.1085 

Refining 

0.0419 

0.0025 

0.0345 i 

0.0007 

$0.0016 

0.0812 
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Sampling , — Tke value of the mill heads is arrived at by the usual 
method of buHion recovered plus tailing loss. A check head-sample 
is taken every half hour by dip from the Marcy discharge; this sample 
is dried and assayed with all its solution. As the Marcy is crushing in 
solution, which carries considerable value, and as the return circuit might 
also tend to vitiate the accuracy of such a sample, it can at best be con- 
sidered only a guide. A drip sample of the storage solution is taken and 
the gravity of the mill discharge is recorded hourly. From these data, 
the value of the Marcy discharge sample is corrected and this corrected 
value is used as the daily mill heads; it checks within 4 per cent, of the 
heads as determined by tailing plus bullion, and is certainly more accu- 
rate than a grab or cut of the coarse mill feed. Dip samples are taken 
hourly of the various agitator and thickener pulps and solutions. In 
the pulp sample buckets, 10 cc. of a 10 per cent, solution of sodium sulfide 
is added each shift; this stops the dissolving action of the cyanide so 
that the washed pulp shows the actual amount of dissolving completed 
at the various points. Potassium permanganate, often used for this 
purpose, was unavailable on account of the war prices. The final or 
tailing sample is, of course, dried and assayed with all solution present. 

The samples are prepared for assay by the solution man on the 
afternoon shift. The washing is done on a pressure-filter made of 
10-in. (25.4 cm.) pipe. The cake is dried on an electric hot plate so that 
the samples leave the mill all prepared for the assayer. The mill assay 
sheet is generally completed by 11 a. m., but results on the vital solution- 
tail samples are obtained at least two hours earlier. 


Table 16 . — Cost of Sampling per Ton of Ore 



Operating 

Labor 

Supplies 

Power 

Total 

1917. ! . . . . 

$0.0011 

0.0004 

0.0007 

$0.0034 

0.0018 

0.0025 

$0.0005 

0.0009 

0.0007 

$0.0050 

I 0.0031 
0.0040 

1918 

Average 

i 


Table 17 . — Cost of Tailing Disposal Per Ton of Ore 



Labor 

Supplies 

Total’ 

1917 

$0.0225 
0.0213 
0.0218 1 

. $0.0071 
0.0008 
0.0038 

$0.0296 

0.0221 

0.0257 

1918 

Average 

^ :j 


Tailing Disposal , — The mill tailing, with a moisture content of 46 
per cent., runs by gravity to the ponds or dams, through 6-in. slip-joint 
pipes set with a m inimum grade pf three degrees. Two men are em- 
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Table 18 , — 'Cost of Solution Heating Per Ton of Ore 

Supplies Power Total 


1917 $0.0005 $0.0149 ‘ $0.0002 $0.0156 

1918 0.0018 0.0416 0.0005 0.0439 

Average 0.0012 0.0288 0.0004 0.0304 


Table 19 . — General Expense 



Operating 

Labor 

Supplies 

Power 

Miscellane- 

ous 

Total 

1917 

1918 

Average 

. . ' so. 1220 

. .| 0.1191 

..i 0.1205 

$0.0308 
0.0470 - 
0.0393 

$0.0017 

0.0036 

0.0027 

$0.0152 

0.0132 

0.0142 

$0.1697 

0.1829 

0.1767 

Table 20 . — Lighting 


I Operating 

1 Labor 

Supplies 

Power 

Miscellane- 

ous 

Total 

1917 

. .1 so. 0015 

so . 0021 

0.0019 

0.0020 

$0.0043 

0.0038 

0.0041 


$0.0080 

1918 

Average 

0.0025 

0.0020 

$0.0005 

0.0003 

0.0084 

0.0082 


Table 21. — Assaying 


n 

Operating 

Labor 

SuppUes j . Power | 

Total 

1917 

1918 

Average 

1 

so. 0225 1 
0.0217 ; 
0.0221 

$0.0115 
0.0094 1 
0.0104 1 

$0.0004 i 
0.0011 i 
0.0008 1 

$0.0006 

0.0003 

$0.0350 

0.0322 

0.0336 


Table 22 . — Metallurgical Report 



1 1917 

1918 


Tons 

Gold, 1 
Ounces | 

Silver, 

Ounces 

Tons 

Gold, 

Ounces 

Silver, 

Ounces 

Ore miUed 

84,548 

89,163.878 

45,607.06 

92,339 

100,903.079 

54,137.84 

Bullion recovered. , 

i 

1 

85,918.424 

43,989.44 


97,827.459 

62,485.38 

Tailing loss 

1 

1 

3/245.454 

1,617.62 


3,075.620 

1,652.46 

Recovery, 96 . 36 per cent. 



Recovery, 96.95 per cent. 
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ployed on impounding tailings, part of their time, however, being used to 
scrape ^^caliche^^ or higher grade crust from the surface of the dams, and 
part to clean presses in the refinery. The items given in Tables 19 to 22 
complete the cost analysis per ton of ore milled. 

Solution Heating,— For about 5 months in the year, the mill solutions 
are heated by steam coils in the various sumps. The heating plant 
consists of a 75-hp. Marion horizontal tubular boiler, burning 7 gal. 
per hr. (26.49 1.) of heavy fuel oil. No special attendance is required 
other than to blow flues when necessary. Steam is generated at 25 to 
30 lb. (11.3 to 13.6 kg.) pressure and the coils return their condensation 
to the hot well. The costs of heating are distributed over the entire 
year. Those for 1917 are low as no heating was used during the first 
half. 


DISCUSSION 

Luther B. Eames, Pueblo, Colo, (written discussion*).— In reading 
Mr. North's interesting paper, several points have been noted that 
appear to warrant discussion. With a feed all through 20 mesh, I feel 
inclined to question the use of steel balls as large as 2 in. in a tube-milL 
I have seen balls as small as ^ in. used for the dry grinding of cement 
clinker, and surely many more points of contact would result from 
smaller balls. This would seem to be desirable in a mill as short as 6 ft. 
The heavy load in the classifiers would also indicate a high proportion of 
returned pulp. I hope that some discussion by Mr, North and others 
may develop this point. 

The flow sheet shows the solution returning from the dam valued at 
40 c. per ton being added to the last decantation tank. Theoretically, 
this solution should not be added to that of a lower value. As I calculate 
it, if this solution were added to tank X the solution finally discharged 
from tank Z would be reduced in value by nearly 4 c. per ton. 

I think Mr. North's explanation of the difference between the actual 
and the theoretical columns in Table 10 is undoubtedly correct; namely, 
that dissolving is still taking place very rapidly in the underflow of tank 
U. It has occurred to me that with so finely ground a pulp as this, it 
might be possible to connect two of the seven agitators in between the 
Callow cones and tank U. This would require these two tanks to handle 
a very thin pulp but would, if successful, tend toward a much closer re- 
semblance between the actual and theoretical columns. It would also 
give the remaining five agitators the advantage of doing their work in a 
lower grade of solution. 


* Received Aug. 20, 1919. 
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G. M. Taylor,* Colorado Springs, Colo. — The ore treated at the 
United Eastern is primarily a gold one and is cyanided — ^the counter - 
current decantation method being employed. One of our employees 
visited this plant a few months ago and, on his return, reported that the 
moisture in the tailing was carrying 20 c. per ton, which would appear to 
be somewhat high. As this type of plant has been advocated by one of 
the recognized cyaniding engineering firms in the country, and a number 
of these plants are in successful operation, it does not seem to me that the 
dissolved loss could be so high, and I would like to know if any one can 
give any definite information on this point? 

J. V. N. Dorr, New York, N. Y . — I am very glad that Mr. Taylor has 
raised this question. When I first read Mr. North’s paper and saw his 
statement, that they had an actual dissolved loss of 21.5 c. per ton, I 
was very much puzzled at this high loss which appeared avoidable by 
another decantation or the addition of a rotary filter. Reading it again, 
however, I noted that the actual dissolved loss of 21.5 c. given was evi- 
dently obtained by multiplying the assay of solution discharged from Z 
thickener by the tonnage. On the basis of 283 tons milled per day, this 
means $56-54 going to the dam. He states, however, that he returns /rom 
the dam into the system 70 tons daily assaying 40 c. per ton or $28 per 
day, so it would seem reasonable, unless I have overlooked something 
to regard the actual dissolved loss as $56.54 less $28 or $28.54, equaling 
10.8 c. per ton. Even this loss, however, is much higher than good 
practice elsewhere, and can be accounted for largely by the tonnage being 
handled, which I believe is 30 per cent, above the capacity planned. 

The fact that all the thickeners but the last step discharge at about 
52 per cent, moisture, instead of 45 per cent, as calculated originally, 
makes a great difference in the washing efficiency. The dissolution of 
36 c. additional in the decantation system after the agitators have made 
all the extraction they can, has also contributed to raise the dissolved 
loss. It emphasizes, I think, the statement that has been made, that 
in many cases the additional amount dissolved in counter-current decan- 
tation will more than pay the cost of operating and the entire dissolved 
loss, so that if instead of this system the agitators were followed by 
filters that removed 100 per cent, of the dissolved gold at no cost, the 
net earnings would be less than now. 

Ji. D. Mills, San Francisco, Calif. — should like to ask Mr. Dorr 
if he can tell us, in refeiring to the diagram on page 558, why the solu- 
tion is returned to the tank marked X instead of corresponding to the 
usual practice and being returned to the tank marked 7. 


* Manager, Milling Dept., Portland Gold Mining Co. 
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J. V. N. Dorr. — ^T he addition of barren solution to X instead of to Y 
should theoretically reduce the mechanical loss of cyanide about 30 per 
cent. On the other hand, the diluting effect of the barren solution in 
tank Y is lost, and thus the dissolved loss in gold is higher. It is safe to 
assume that the management has studied the balance carefully and is 
naing the barren solution where it will produce the best results. The 
return of the 40 c. solution from the dump to Z must have a bad effect on 
the dissolved loss, but must have been considered and it undoubtedly 
represents the best practice in recovering the gold with the equipment 
available. 
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Graphic Metallurgical Control 

BT H. M. MERRY,* HtTRLET, N. MES. 

(Chicago Meeting, September, 1919) 

The graphic methods and records described in this article have been 
developed, with satisfactory results, for the use of executives of the 
Chino Copper Co., in Hurley, N. Mex. Particular attention is directed 
to the use of large waU-charts, the quick reference display of large charts, 
the scale notation of metallurgical charts shown in Fig. 3, and the 
inclusion of mesh extraction on screen analysis diagrams. 

To properly comprehend the operation and metallurgical results from 
a concentrating plant, a daily record of essential data is kept, usually 
involving the dry weight of ore noilled or treated, dry weight of con- 
centrate or metal produced, assay values of heading, assay values of 
tailing, assay values of concentrate, and percentage of extraction or 
recovery. In addition it is often necessary to record moisture, pulp 
density, or dilution; percentage of weight of oils and reagents employed; 
screen analyses of grinding conditions, oversize, etc.; assay values of 
non-valuable or interfering substances; cost data; and such special in- 
formation as may be reqtiired. 

Graphic Pbesentation 

Close analysis is necessary of a daily operation involving such a 
number of factors, the relation and influence of which may be of great 
importance in the treatment scheme. When the analysis is made from 
a numerical tabulation, the chance for one or more obscure, but perhaps 
important, factors to escape notice is considerable, therefore the need 
for an accurate, readily digestible prraentation of metallurgical data is 
obvious. 

Graphic records of miUing operations are frequently used, but owing to 
the wide range of magnitude and values, and the numbCT of factors in- 
volved, the customary practice of assigning different values to the same 
ordinates, as in Kg. 1, results in a complex and intricate record which 
makes little appeal to a busy opiating official. The methods shown in 
Figs. 2 and 3 are devised to display such data in a clear and legible 
manner, without confusion* 


* MetalluixiGal Statistician, Quno Copper Co. 
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Semi-logarithmic Method . — This method, Fig. 2, depends on the use 
of cross-section paper with logarithmic horizontal ruling and arithmetic 
vertical ruling. Time is laid off on the vertical lines and values are 
assigned to the horizontal logarithmic scale- Three complete logarithmic 
scales are required to embrace the range of percentage and tonnage con- 



Fig. 1. — Daily metallurgical record, type I. 


sidered in the average milling operation. Four scales are preferable, 
but such ruling is not available unless hand-drawn. 

The graduation of the scales on the record, shown in Fig. 2, is self- 
explanatory and any one familiar with the slide rule can grasp the method. 
By this scheme all factors are shown in their proper relative, position 
and tendencies may be closely observed and compared. The only disad- 
vantage in this method lies in the fact that high points are depressed and 
low points exaggerated, which sometimes leads to erroneous conclusions. 
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For this reason it is more applicable to the needs ol the engineer than to 
general use. The great advantage obtained is the presentation of wide 
variations of magnitude in a small space, a range of from 0.1 to 100 in 
direct sequence being possible, and without confusion, the range may 
be increased to 10,000 in the space of a letter-size sheet. 



Fig. 2. — Daily metallurgical recorl, type II. 


Special Arithmetic Method , — Millimetric ruled cross-section paper, 
available in 50-yd. (45-m.) continuous rolls 22 in. (55.8 cm.) wide, is used 
preferably for this method. Fig. 3, which might be described as logarithmic 
notation on an arithmetic scale. This notation is original and is of 
marked advantage in plotting metallurgical data. Sheets 4 ft. (1.2 m.) in 
length, of full width, are recommended. The notation of the scale should 




ASSAY PERCENTAGES 
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be so arranged as to display the various factors with due prominence. 
Assay values of heading and tailing which are the Tninimnm and also 
the governing factors, should be exaggerated. Beyond the maximum 
range of heading assays of valuable metal, the scale may be reduced, 
the concentrate assay values; dilutions, extraction, etc., falling ; princi- 
pally in this range. The tonnage scale is devised to meet the maximnni 
and minimum variation and may include, concentrate production. It 
is permissible to overlap the tonnage and percentage scales, preferably 
in multiples of ten, emplo 3 dng lines of different weight or color to distin- 
guish them in conflicting areas. Abnormally high or low points that fall 
outside the limits of the particular scale should be plotted on the projec- 
tion of the scale in which they originate, since breaking scale destroys the 
proportion of the relationship with other Hnes. 

Under date of Mar. 28, Fig. 3, the position of all points except that 
representing per cent, of iron in heading needs no explanation, as they are 
referred directly to the notation on the scale. The iron, however, falls 
below 2 per cent., at which the descending scale bre a k s from a rate of 2 
per cent, per centimeter to 0.1 per cent, per centimeter. If the point is 
plotted to the scale notation it will be out of proportion to aU other similar 
points, so the 2 per cent, per centimeter scale is projected downward to 
1.5 per cent, and the point plotted. On the scale notation it appears at 
1.95 per cent., but by referring to the origin of the scale in which all other 
live points are found, a wrong inference should not occur. . 

The average line drawn through each curve is the average '‘per day” 
for the month, and not the average for the month compounded daily to 
date, which would appear as a median line on the chart. The three 
types of metallurgical presentation here shown have been plotted from 
the same fictitious data, for comparison. 

A record of departmental milling costs and general statistics is kept 
on separate similar sheets, changing the scale from logarithmic notation 
to direct arithmetic, covering the necessary range of magnitudes. 

MmrN'G CoNTBoi 

Upon sheets of tlie same size, a monthly graphic record of tonnage of 
ore mined and yardage of waste stripped is kept with incidental costs of 
various operations. Corresponding deep-mining data can be added or 
substituted with facility. This form is not illustrated as it follows con- 
ventional lines and is simple in construction. 

WiLIi-OHABTS 

Charts of the type shown in Fig. 3 are particularly adapted to large- 
scale wall-charts for permanent record. Very neat “month by days” 
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or “3-year by months” records may be kept: time is laid off on the width 
in days or months, one unit to the centimeter, leaving ample space for 
Tnnrgrinal notation. Such tecords, reinforced at the top and bottom with 
thin clamping strips of wood, screwed together, are easily handled. 

For current daily record they are also well adapted to ordinary pin- 
posting: mounted on a cord and strawboard backing, in which the colored 
pins may be easily inserted, they are convenient to work upon and may be 
accurate to a fine degree. Colored connecting cord, to match the glass- 
headed pins used to represent the different values, adds to the legibility 
of the chart. When the period covered by the record is ended, the pin- 
heads are encircled by a pencil mark before the chart is removed from 
the pin-board. The connecting lines are inked in colors and the record 
transferred to a cabinet, in which it may be shifted, making it possible 
to display a number of charts at the same time for comparison. 

Display op Large Charts 

The principal reason for the use of graphic records, after their value 
in analysis and comparison, lies in the rapidity with which the informa- 
tion displayed may be assimilated. This makes them exceptionally 
useful for reference. Therefore, when an elaborate and comprehensive 
graphic record is rolled up and filed away, safe from harm and service, a 
large share of the value is lost. After preparation, such charts must be 
accessible to yield full usefulness. A visible record cabinet now in use 
illustrates one way of achieving this result. 

This wall cabinet is of wood. Its height is determined by the length 
of the record sheets, its length by the number of records it is proposed 
to display simultaneously, and its depth by the number of records it will 
eventually contain. A pin-board with cork composition backing is 
built in at one end of the cabinet for the posting of current sheets. An 
overhead monorail system of the requisite number of tracksTs built in at 
the top of the cabinet, the rails extending its full length. This system 
is improvised from sliding-door equipment, the track and baU-bearing 
roller trucks being used. Two trucks in tandem are divided by a spacing 
bar to the width of the record sheets. The woodqn clamps reinforcing 
the top of the sheets are attached to the spacing bar by a simple lug and 
thumb latch of brass. The latches on the spacing bars and the lugs on 
the clamps are laid out to jigs, so all sheets are interchangeable on any 
track. One sheet only is mounted on each rail. A curtain suspended 
from a spring roller hangs in front of the habinet, concealing the contents 
when desirable. The large sheets are well adapted to photostatic repro- ' 
duction, and may be reduced to letter size without losing legibility. 
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Periodic Reports 

A useful chart for periodic reports is the especially designed form 
shown in Fig. 4. The cross-section is engraved on thin letter-size tracing 
paper, on the lower half of the sheet, leaving the upper part for type- 
written tabulation. The tracing of the ordinates corresponds to type- 


Month 

1915 

1916 

January | 

13.641 

24.008 

February 

14.394 

26.440 

March * 

14.787 

26.310 

A-pril 

16.811 

27.895 

May 

18.506 

28.625 

June 

19.477 

26.601 

July 

18.796 

23.865 

August 

1 16.941 

26.120 

September 

17.502 

1 26.855 

October, 

17.686 

27.193 

November 

18.627 

30.625 

December 

20.133 

31.890 

Year 

17.275 

27.202 






1915 1916 

Pig. 4.*— Copper market in 1915-16, New York, cents per pound {E, <k M, J,) 

writer spacing, and also to that of the multigraph, so standard forms may 
be skeletonized in large lots at small expense. 

voir. LXiii. — 37. 
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Essential data from the tabulation are plotted on the cross-section. 
This form is of special use in the presentation of progressive reports, 
in which summarized periodic figures are carried from month to month 
for the year, etc. Data for the current month appear in the tabulation, 
while essential material for past months is plotted. Twelve or twenty- 
four months may be carried on this form. Many special reports are 
adequately presented in this manner. 






Heading 


,1 

Tailing 



Extraction 

Mesh 

Assay 

Per Cent. 
Weight 

Per Cent. 
Tot. Cu. 

Assay 

Per Cent. I 
j Weight 1 

Per Cent. 
Tot. Cu. j 

j Ind. 

Cum. 


Per 

1 

1 



Per 








Cent. 

Cu. 

Ind. 

1 Cum. 

1 

Ind. 

Cum. 

Cent. 

Cu. 

Ind. 

Cum, 

Ind. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Original 

1.52 


j 



I 







On 20 







( i 






28 

1.10 

0.7 


0.5 


0.72 

0.7 


0.6 


0.2 

. . . 

35 

1.09 

4.3 

5.0 

3.1 

3.6 

0.88 

3.6 

4.2 

3.1 

3.6 

1.1 

1.3 

48 

1.05 

5.8 

10.8 

4.0 

7.6. 

0.77 

6.3 

9.6 

4.1 

7,7 

1.2 

2.5 

65 

1.19 

7.9 

18.7 

6.2 

13.8 

0.78 

7.1 

16.6 

6.6 

13.3 

2.6 

6.1 

100 

1,27 

10.4 

29.1 

8.7 

22.5 

0.63 

9.6 

26.1 

6.0 

19.3 

4.8 

9.9 

150 

1.60 

10.6 

39.7 

10.4 

32.9 

0.64 

11.6 

37.7 

7.6 

26.8 

6.4 

16.3 

200 

1.47 

5.3 

45.0 

5.1 

38.0 

0.71 

6.8 

44.5 

4.8 

31.6 

2.1 

17.4 

240 

1.75 

2.6 

47.6 

2.9 

40.9 

0.64 

3.0 

47.5 

1.9 

33.5 

1.7 

19.1 

Pass 240 

1.72 

52.4 

100.0 

69.1 

100.0 

1.26 

52.5 

100.0 

65.6 

100.0 ‘ 

21.3 

40.4 


Fig. 5. — Screen analysis — concentration by slime vanners. 


Screen Analysis Diagrams 

These diagrams, shown in Fig. 5, are furnished on letter-size tracing 
paper, by the W. S. Tyler Co., who devised the ratio plotting scale. Com- 
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ment upon their use is unnecessary, particularly in the analysis of crush- 
ing and grinding problems. In the study of performance of various stages 
and methods of concentration, the value of these diagrams has been in- 
creased by adding the mesh extraction. The percentages by weight of 
material and copper on each mesh in heading and tailing are delineated. 
The mesh extraction is computed from the actual weight of copper in the 
material retained on each mesh in heading and tailing, from the form: 

Heading— Tai ling 
Heading 

The work done by the process on various sized material is thus clearly 
and quickly shown. If desired, the individual mesh extraction may be 
plotted, either with or without the cumulative total extraction. 

Monthly records of stage concentration have been kept in this manner 
over a considerable time and are a valuable index to operating conditions. 
In the comparison of qualities of the many new types of concentrating 
equipment frequently tested in a large plant, this scheme is especially 
useful. 

In conclusion, it may be said that the graphic records outlined above, 
modified or amplified to suit special conditions, have facilitated both 
reference to past performance and analytic study of current operations 
at this plant, well justifying their adoption. 
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The Contract Wage System for Mines 

BY A. K. KNICKEEBOCKEE, CUYTJNA, MINN. 

(New York Meeting, February, 1920) 

Pkactically all underground work on the Minnesota iron ranges is 
done by miners working on a so-called contract wage system. This 
system, while it has certain advantages over the straight day’s pay or 
company-account method of wage payment, has serious and vital defects. 
In view of the scarcity and demands of labor, it is important that employ- 
ers of labor scrutinize their systems of wage payments carefully, not only 
to save losses and trouble, due to labor disturbances, but also to secure 
the greatest efficiency of their workmen and reduce their operating costs. 
It is admitted that nn adequate, just, and equitable wage is the prime 
factor in bringing about these benefits. 

The wage of labor and its method of application and payment have 
been, and always will be, the main factors in the unrest and dissatis- 
faction of labor. Not only does labor want and need an adequate wage, 
assuming that work is adequately performed, but it wants and is entitled 
to a just and equitable wage. Labor must have respect for the fairness 
of the wage and for the fairness of the management in the application of 
the wage. It is conceded that the Minnesota iron miners are now, and 
have been, in the main paid adequately, but the inherent defects of the 
so-called contract system prevent any just or equitable application of 
this wage to the various units of the labor body. 

The defects of the contract system, with its obvious inequalities, 
favoiitisms, and injustices, are cancers in the brain of labor. Every 
thinking miner realizes these defects and knows just what they are; the 
unthinking do not reahze the details of the subject, but each month they 
are forcibly reminded of these defects through the pay envelope. As 
practiced on the iron ranges, however, the so-called “contract” system 
is not a contract and the name is a misnomer. No true contractual 
obligation exists. 

As usually practised, the contract system involves the setting of a 
price per foot in development work, or per foot or per car, usually the lat- 
ter, in slicing or stoping, by the mining captain, and assumes its accep- 
tance, though often under protest, by the men. A price is set for 
each working place, in which there, are usually two men per shift. This 
price includes labor and supplies, such as explosives, fuse and caps, shov- 
els, carbide, etc., and the men divide the total earnings less the amount 
expended for supplies. The cost of the supplies charged to the men varies 
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in different mines; in some cases supplies are furnished free. In general, 
the companies furnish machine drills, hose, steel, picks, raUs, cars, tim- 
bers, boards, lagging, perform some of the transportation and all of the 
hoisting, and may do some of the track work. The miners do all of the 
shoveling, drilling, blasting, timbering, etc. and some of the transpor- 
tation. Supplies chargeable to the men are usually furnished at’ cost, 
plus 10 per cent, for handling. 

In general the rate per foot or per car, or the contract price, is set at 
the first of each month and governs the month. Earnings are frequently 
calculated and checked by the mining captain, and many companies also 
figure the rates on the fifteenth of each month. Some of the contracts 
will show large earnings, others average earnings, and others small 
earnings. When the earnings are small, the rate has been insuflBLcient, 
in which case it is raised, and a new rate governs the remainder of the 
month; or the contract has encountered unusual and imexpected diffi- 
culties, in which case the contract may be closed and the men paid off 
at the company-account rate and a new contract started, or they are 
allowed footage or cars not actually earned; or the men are poor workers 
or unskilled miners, in which case they are paid off at the company- 
account rate and discharged, new men are hired, and a new contract 
started. 


Difficulties of Applying Conteact Wage System 

•The difficulties of the system arise from: 

1. The setting of the price, often under protest from the men, by one 
individual, the mining captain. This price is set to the best of his ability 
and is based on his mining experience, his knowledge of the men and of 
the ground, and his opinion of the probable conditions that will present 
themselves through the month. It is impossible for one individual to 
set prices equitably throughout the mine. Hard or soft ground, heavy 
conditions or the reverse, and other difficulties, due entirely to the nature 
of the work, may be encountered so that the price set by the mining 
captain is a mere guess. 

The human-nature problem enters also, oftentimes unconsciously. 
For instance, if two gangs of miners, one composed of good men and the 
other of extra good men, are working under exactly similar conditions, the 
captain will be tempted to give a- slightly lower price per car to the better 
gang to prevent its “running away” or securing an abnormally high wage, 
thus penalizing the better gang or subsidizing the poorfer, depending 
on the way in which the matter is regarded. The captain excuses this 
practice, to himself and the miners, by fancying some difference in con- 
ditions in the two places. Where he is unable to so fancy a difference, 
he must pay the same rate in both cases; but in that case the rate will 
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be reduced, thereby reducing the earnings of both contracts simply that 
one shall not make an abnormally high rate. 

Furthermore, favoritism develops another result of the human-nature 
element. Certain favored, though no doubt hard-working and eflScient, 
miners will receive the best places and get the highest wages month after 
month. In addition, the rule of seniority is not often practiced, and_is as 
often overlooked as not. 

2. The difficulty in foreseeing conditions underground 30 da 3 )B in 
advance and the multiplicity of operations entering into the contract 
price make the off-hand setting of this price by the captain a mere guess- 
ing matter. The groimd may change; it may get heavy, be soft or hard 
and vary within short distances; water may increase; poor timber or 
heavy ground may cause extra timbering; no two tramming distances are 
exactly alike; the ore may be heavy or sticky or vice versa; and nurherous 
other factors enter to influence earnings. Do all these factors influence 
the price, each in its proper proportion? They surely do not; but they 
should, if labor is to receive pay for work performed. That they do not 
is no reflection upon the mining captain; he does the best he can, and 
nobody attempting to make contracts in this guesswork fashion could 
do any better. 

3. Certain other difficulties, by no means unimportant, arise from the 
nature of the piece-work system itself, and are common to the system as 
applied in any industry. In many manufacturing plants, the operations 
of which are standardized and are performed in a routine manner day by 
day, the same objections apply. The principal disagreeable factor is 
rate cutting, after a rate has been set and earnings have been found to be 
abnormally high. In the mining business, it works somewhat as follows, 
assuming that a certain gang or contract has started a new place and that 
the rate has been set by the captain: The rate will represent his best 
judgment of what the gang will produce as against his idea of the wage 
he would like to pay them. This rate may not necessarily coincide with 
the miners’ conception of a fair rate. They are often as experienced and 
possessed of as good judgmentinthismatter asthecaptain. Thecaptain’s 
mere assumption that they wiU be able to make norm a l earnings is not 
necessarily conclusive to them and what they t hink of the situation, not 
what the captain thinks, will most probably govern their actions. 

After the captain has set the rate, one of three things is bound to 
happen. 

1. The miners consider the rate satisfactory and go ahead and do a 
good month’s work. 

(а) If the rate happens to be satisfactory, they receive a good month’s 
pay and everybody is satisfied. The company has received good pro- 
duction and the miners hsive had proper pay; this is the ideal condition. 

(б) If the rate happens to be high, the miners will make an abnormal 
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wage. This is a frequent occurrence and has a pernicious effect; here, 
the company loses money on the men. In the first place, the miners who 
have done a good month’s work but who have received an average or below 
an average pay, do not consider the receipt by this gang of an abnormal 
wage as at all just; therefore a certain proportion of the force is immedi- 
ately dissatisfi.ed, with the usual results of demands for higher rates and 
the uncaUed-for quitting of men. Also, as a rule,, the rate of the high- 
wage gang is cut for the succeeding month with the result that these men 
are dissatisfied and quit or work in a half-hearted fashion. 

(c) If the rate happens to be low, the miners will make a low wage. 
Here, the company makes money on its men, if it looks no farther than 
the earnings of the men and the tons of ore produced by them. In 
reahty, it is as much of a losing proposition for the company as either of 
the others. The men consider that they have worked as hard through 
the month as any of the other men, so the result is a dissatisfied gang. 

2. The miners consider the rate too high, regardless of whether it is 
or not and so will not do their best work. They think that to do so will 
mean that their earnings will prove abnormal and thus lead to rate cut- 
ting at the month’s end. They, therefore, fail to produce a normal 
output untn such time as the captain discovers this fact and attempts 
a remedy by either discharging men or setting a new and lower rate. 

3. The miners consider the rate too low and either quit or do not give 
a full measure of work. The less worlr they do, provided they are not 
discharged, and to some extent even if they are, makes it more certain 
that sooner or later the captain will raise the rate. Miners cannot be 
forced to work, and the captain must avoid low production. If his gangs 
refuse to work and give him production, he has two remedies. He can 
discharge the men or he can stimulate them by raising the rates. What 
he will do in any instance depends on how widely the dissatisfaction is 
spread through the mine and on the ’character and supply in the labor 
market. 

On the Minnesota ranges, conditions in one mine are not radically 
different from those in others, yet there is a constant migration of men 
from mine to mine — an economic loss to both the workers and the employ- 
ers. Not only is the system economically poor in its effects on labor and 
on the employing companies, but the influences of the injustices of the 
system on the mind of the worker make him a fruitful field for the agita- 
tor. The system is a constant trouble breeder and mischief maker. It 
allows a continual heckling and disturbing of labor and it will continue to 
be the prime factor in labor unrest. 

StrGGESTBD I m provements in Contract System 

As a matter of fact, the average miner does not want the system abol- 
ished. He prefers it over the day’s pay system, for it aUows him to earn. 
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by the expenditure of effort, a wage greater than the company-account 
wage. He knows that to go back to the day^s pay system would be, in 
effect, a general reduction in the level of wages. What the miner wants 
is a contract system based on something more tangible than the auto- 
cratic judgment of one individual. 

The keynote of the improved plan is standardization, based upon 
accurate and sympathetically carried out time studies. No piece-work 
wage payments can be made satisfactorily unless each operation is stand- 
ardized and the time and cost of doing it are definitely known. In other 
words, we must have, instead of rates set upon individual autocratic 
judgment, rates set scientifically and based upon long-continued and 
accurate time studies. 

The business of mining iron ore is not simple, and to handle the matter 
we will have to divide it into simple operations capable of definite time 
and cost ascertainment, and classify these operations into two classes — 
fixed operations and variable operations. The fixed operations are: 
Shoveling, drilling and blasting, tramming, timbering, boarding up and 
blasting down rooms, tracklaying. These are all fixed determinable 
factors that, by means of accurate and long-continued time studies, 
based upon the work of average miners, would give an easy determina- 
tion of the proper pay. These time investigations would prove, 
for instance, that the average miner can shovel a certain size of car of 
ore for X cents, which amount should then be the price paid for this 
work all through the mine, until such time as the general level of wages 
is changed. 

Likewise with drilling and blasting; although experience would point 
the way as to the proper method of handling this question. Whether this 
work should be paid for at so much per foot or per car or ton, or per foot 
of hole drilled, is a matter that could be worked out at the proper time. 
This item is also a semi-variable, in that the several kinds of ground must 
be considered. To handle this successfully, the number of kinds must 
be kept at a minimum. Five grades are suggested, very soft, soft, 
medium, hard, and very hard. This is the only item where the judgment 
of the mining captain is brought into play, or the only chance there is for 
any disagreement or argument between the men and the captain. Surely 
the captain should be able to classify any face into one or the other of 
these five grades, especially as the grades will have been well delineated 
by the preliminary time study and investigation work. The system 
should be worked so that the rate on this item can be changed during the 
month as often and as quickly as the ground changes from one class to 
the other. 

Similarly, tramming should be paid for at so many cents per various 
sized cars trammed 100 ft. or fraction thereof. Timbering would be paid 
for at so many cents per set, based on a certain length post and cap. The 
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rate would raise or lower with a change in the post or cap length, or both, 
above or below the base lengths. Boarding up rooms would be paid 
for at so many cents per square foot or hundred square feet boarded, and 
blasting down of rooms would be paid for per 100 or 1000 cu. ft. of room 
blasted down. Tracklaying would be paid for at so many cents per linear 
foot for straight track, so many cents per foot for curved track, a lump 
sum for switches, frogs, tracks into slices, etc. Since in most mines a 
good share of the track work is done by a special track man this item 
would not be very important. 

The variables entering into the problem are, unhappily, numerous, 
but the crux of the whole problem lies in the treatment of these variables. 
The variables include all those items that cause a loss of time to the miner 
and prevent him from using his time in one or the other of the above six 
fixed operations. These delays should be classified into two well-defined 
classes: those for which the miner is responsible and which could have 
been avoided by ordinary mining skill or foresight on his part, and those 
that are in no way under his control and are due to neglect of the company 
or accidents due to the nature of the work, such as unforeseen caves or 
falls of ground. For the first class, the miner should receive no pay. 
For the second, he should automatically go upon company-account pay 
the minute that he starts to suffer delay and be paid for all the time he 
is so delayed. This company-account rate should be made low so that 
advantage will not be taken of it, and also because there is presumably 
little or no expenditure of effort in most of the cases coming under this 
classification. 

The contract sheet at the end of the month would then look something 
like this: 

To shoveling A cars, A size, at a cents per car 

To tramming A cars, A size, 300 ft., at h cents per car per 

100 ft 

To drilling and blasting, soft ground, at d cents, per car (or 

foot of drift) 

To timbering, E sets, 7-ft. post, 6-ft. cap, at e cents per set. . 

To boarding up rooms, F sq. ft. at / cents per 1000 sq. f t. . . . 

To blasting down rooms, G cu. ft. at g cents per 1000 cu. ft. 

To E hours delay, waiting for full chute, at x cents per hour 

To I hours delay, blasted down sets, no pay. 

To J hours delay, no air, at a: cents per hr 

To putting in K props, at k cents per prop 

Supplies could be handled in the usual way and figured in the stand- 
ard rates, or supply standards could be adopted, supplies furnished free, 
and savings made by efficiency on the part of the men divided between the 
company and the men, on an equitable basis. 

The plan as outlined is still a straight piece-work system. Whether 
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it would be advisable to develop a standard day’s work and standard day’s 
pay and encourage ef&ciency by tbe installation of some sort of bonus 
payments is a matter that would develop as the system was worked out 
and put into practice. The introduction of bonus payments would be a 
complication to avoid until such time as the improved piece-work method 
has received a good trial, become stabilized, and found favor. It is 
believed, however, that an attendance bonus, or the granting of a shift 
or half-shift per month for full or nearly full attendance during the month, 
would help to keep the working force full each day and is an application 
of the bonus system that might be instituted immediately upon the adop- 
tion of the improved piece-work system. 

A little more clerical work would permit of the calculation of the 
earnings of each contract each day, with a daily posting of earnings in 
the change house, where they coiild be observed by the men. As a 
stimulation to a man to put forth increased efforts, there is nothing like 
an idea of what his present efforts are actually bringing him and an 
immediate knowledge of his earnings each day. Whether such a step is 
advisable or will pay for itself is open to experiment after the system 
is in proper working order. 

Disadvantages op Suggested System 

The disadvantages of the suggested system are, of course, items of 
cost, due to the extra supervision and time keeping entailed and the 
necessity for frequent check-ups by the management. In a small mine, 
the details could be looked Sifter by the shift boss but a mine of any size 
would require men doing nothing else but checking time, etc., and looking 
after the operation of the system. It is believed that the extra labor 
would earn its money, as the operation of the system would be, in effect, 
a continuation of the preliminary time and cost studies, and it is felt 
that the system would present facts of operation in such a manner as to 
quickly uncover the weak spots of an operation and suggest means for 
the application of suitable remedies. For instance, the daily records 
would show that some gangs were above the average in certain lines of 
work and below the average in others; steps could then be taken to dis- 
, cover the gang’s difficulties and by education improve the production and 
earnings of the gang and leissen the cost to the company. Certainly it 
would mean a detailed and accurate cost system applied where it should 
be applied, to the man actually producing the ore, and it is inconceivable 
that the system- would not furnish to the captains and superintendents a 
ready and up-to-date means of detecting weak spots in their operations 
and determining quickly and accurately the means of correcting them, 
and thus lead to a general reduction of costs to the limits toward which 
all are striving. 
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Another disadvantage is that the system eould not be put into opera- 
tion without some initial and preliminary time studies and investigations 
performed on average men and under widely varying, though typical, 
conditions, and under supervision of men S3mipathetic to improvements. 
The longer this work is continued prior to the adoption of the S3^tem, the 
more accurate and fool-proof it will be. These investigations can best be 
made by the large companies, having various mines and with large organi- 
zations equipped for the work. The cost would be prohibitive to a 
small company. This preliminary investigation would no doubt take 
two or three years’ time and cost some thousands of dollars, but the 
savings made on the millions of tons of ore mined and shipped each year 
would repay the cost many times over, due to the knowledge obtained 
even should the work stop with the preliminary investigations. 

Advantages op Suggested System 

The advantages are numerous and have previously been indicated, 
but for convenience will be here summarized briefly: (1) Prevention 
of disputes; the basic rates for each operation would be standard through- 
out the district. (.2) Less dissatisfaction among the men. (3) Less 
opportunity for the strike agitator. (4) Better work by the men, due 
to the fact that they would see that unfairness and injustice had been 
abolished and would feel that they were getting paid fairly for work per- 
formed. (5) A smaller labor turnover. (6) A reduction of operating 
costs to the companies. (7) Opportunity for increasing the efl&ciency of 
the men and the improvement of operating conditions and methods, due 
to detailed costs presented quickly and knowledge obtained from them. 

The suggested system may not be the best, and it is not expected 
that any fair system can be derived without actual study and experi- 
mental trial, but in the interests of both the men and their employers, 
some steps should be taken to improve the present system. 

■ DISCUSSION 

Aethub Tbachbe, St. Louis, Mo. (written discussion*).— A careful 
study of the paper will show that there is a fundamental objection to 
aU piece work. Perhaps the greatest , objection is the impossibility 
of fairly measuring human effort, and without fairness no system can 
succeed. Success is only possible with justice. Perfect justice is im- 
possible by hmnan minds; but the nearer we can approach justice, the 
greater will be our success. It is often thought that paying for what a 
man does will bring justice; it would if we were able to measure accu- 
rately what he does but, as the paper indicates, such accuracy is unattain- 
able and thus brings about dissatisfaction of the men. In the simpler 

* Received Dec. 29, 1919. 
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operation, the defects of the system are less apparent and the results 
seem to be better. All systems where the rates must be constantly 
changing are bad, for the men soon see that they will not be allowed to 
make more than a certain amount and there is no incentive to keep up 
the greatest effort. 

In the second part of the paper an attempt is made to improve the 
system,’ in the particular case under consideration, by simplifying the 
operations. While this may be an improvement for this particular 
instance, it is open to the objections cited in the first half of the paper. 
This is particularly noticeable in the discussion of drillmg, which 
is divided into five grades, the divisions naturally being dependent 
on the judgment of the foreman. An attempt is made to determine 
scientifically what can be done and to arrange the work accordingly. 
This is a common effort at the present time, as we are too apt to think we 
can regulate human effort scientifically or by an adding machine. 
Human nature is too variable, even in the same individual, for it is 
largely dependent on his mental and physical condition at the time and 
varies so from day to day. The piece system is as old as the wage system 
and if it was materially better, it would have displaced the latter. 

Success can only be attained by justice and the nearer we can approach 
to this, in both principle and practice, the greater will be our success. 
It is not enough that the principles should be just; the applications 
must be fairly put in a manner to show clearly that the aim is justice, 
even though individual cases may fail. Pull compensation should be 
given for services rendered, but this can be done by paying full wages 
and not attempting the impossible task of measuring exactly what each 
man has done. The same effort and time spent in trying to measure 
the work done would be better employed in giving the men a better 
understanding of their work. This may seem impossible, but we have 
all seen many cases where there is a cordial relation between the men and 
the employers and invariably this relationship is founded on a sense 
of justice. That this relationship fails in many instances is more often 
the fault of the employer than of the men. An employer whose main 
aim is to get all he can shows this fact to the men, and they meet him 
on the same ground and try to do as little as they can. To bring out 
the best for coSperative work, it is necessary to believe fuUy in justice; 
this will bring a response from the men, and justice on the part of the 
employer will bring justice on the part of the men. This may seem 
ideal, but we must remember that human nature is weak and all good is of 
slow growth. With the example of the great war and the splendid work 
of our American men, we should not be discouraged for the future. If 
our principles are right we are advancing, although we can never attain 
perfection. 
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Lucien Eaton,* Ishpeming, Mich, (written discussion f). — Mr. 
Knickerbocker\s paper gives a good description of the way this system is 
handled at many mines. He points out many of the defects in the system 
and concludes that it is the cause of much dissatisfaction and labor un- 
rest. The history of the contract wage system on the Marquette Range 
does not bear out this conclusion. I think I am right in saying that 
this system of payment has been in use on the Marquette Range for 
a longer period than on any of the other iron ranges, and the labor turn- 
over at the older mines, where the system has been used longest, is as low 
as anywhere in the Lake Superior region. 

It is true that at many mines the term contract system is a mis- 
nomer, but this is not always the case. At the mines where the system 
is most successful the procedure is about as follows: On the first of the 
month the captain goes through the mine and ^^sets the contracts.” He 
has a small book with him, in which the price per car or foot, the contract 
number, the names of one or more of the men, the location, and other 
data are recorded. Usually one page is allotted to each contract. When 
he goes into a working-place, one of the men will ask what price will be 
paid for that month and the captain will tell him. If the men are not 
satisfied, they ask for more money and the price is settled right there and 
entered in the book. Sometimes the captain first asks the men what 
price they want, and then states his views. If the contract is by the 
foot, the drift or raise is measured twice a month and the footage is 
entered in the book. If the contract is by* the car, the record is made 
daily from the tally of the trammers on the main level. These figures, 
together with the price set by the captain, supplies used, etc., are entered 
in a large '^contract book” in the clerk^s office, where they can. be 
inspected by the men at any time*. The men are paid extra for extra 
timbering, such as putting in props, lining sets, etc., for which the rate is 
uniform throughout the mine. ' If repairing is necessary, for which a 
contract cannot be let, the men are paid company-account wages while 
they are engaged on that particular piece of work. When administered 
as outlined above, this is really a contract-wage system and the men get' 
just what they earn. The application of the system varies, however, 
from the method just described to practically a company-account system, 
where no price is set at the first of the month, but the captain decides 
what wage each gang ought to receive and then makes his calculation 
backwards to see what price per car or per foot he must pay to reach that 
wage. This method, of course, is unsatisfactory. 

The defects noted by Mr* Knickerbocker are most conspicuous when 
a new mine is being opened and much development work is being done. 
After the ore has been properly opened, there should be no difficulty in 


* Superintendent, Cleveland-CMs Iron Co. t Received Feb. 16, 1920. 
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arriving at proper prices per car for stoping, provided that the captain is 
a capable man and a good judge of ground. After all, the real answer to 
Mr. Knickerbocker’s objections is just one thing, the capability of the 
mining captain. If the captain is a good man and his records are properly 
kept, he knows from his experience during development about what 
changes of ground he can expect and how many cars a gang ought to put 
out in a shift, and he has a daily record of output before him for com- 
parison with his estimate. 

In paragraph 1 under the heading “ Difficulties of Applying Contract 
Wage System/’ Mr. Knickerbpcker says, ^^It is impossible for one indi- 
vidual to set prices equitably throughout the mine.” This is a pretty 
broad statement; my judgment, based on long experience, is that one 
person can set prices more equitably than two or three. Further on, in 
the same paragraph, he deplores the likelihood of favoritism in setting 
prices and the overlooking of the ^^rule of seniority.” As far as favori- 
tism goes, if there is any, it results in the favorite’s getting a company- 
account job, and the only rule of seniority that holds in contract mining 
is as to who can put out the most dirt in a month. 

In his suggestions for improvement in the contract system, Mr. 
Knickerbocker recommends a standard price for filling a car and for, 
tramming per 100 ft., various prices per foot for drilling according to the 
hardness of the ground, and special prices for laying track, timbering, 
blasting in rooms, etc. Instead of helping the situation these changes 
would complicate it -tremendously and would cause endless disagree- 
ments. There is as much variation in the labor required in shoveling 
as there is in breaking ground; and there is as much variation in the 
tightness” of ground as there is in the hardness. In mining, a great 
many of the factors counterbalance one another. If the ground is hard, 
less timber is required; if soft, less drilling and usually less powder. 
Other factors are fairly constant, such as covering down, blasting in 
rooms, laying and taking up track, etc. It is much easier to size up 
the situation and set a satisfactory price per car or per foot that will 
cover all these different factors and duties at once, than to try to sepa- 
rate the work into its different details, and the chances for disagreement 
are infinitely less. 

In considering the plan of paying men company-account wages for 
unavoidable delays underground, questions immediately arise such as 
“Who is to say what is an unavoidable delay and what is not? How 
much tinie are the men to be allowed? Is the miners’ word to be taken 
for it, or must the shift-boss be present? If the compressor stops, and one. 
gang is drilling, another is timbering, and another is shoveling, are all 
three gangs to be paid for the delay or only one? Who is to say whether 
or not the men drilling might not do something else, while there is no 
air?” And so on ad infinitum. No, the only basis for contract mining 
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is tons of ore produced or feet of drift or raise driven, standards of tim- 
bering, etc. being, of course, maintained. 

Much has been accomplished and much remains to be accomplished 
in the standardization of equipment and of methods underground. 
When methods have all been standardized and the men have learned 
the standafd method, it may be possible to pay standard prices for the 
separate kinds of work incident to mining, but before that time comes 
there won’t be any labor turnover, for the men will have to stick on 
the job to leam the standard methods, and our problem will be solved. 

Chaeles E. Locke, Cambridge, Mass, (written discussion*). — I read 
the paper with much interest and was surprised at the ideas put forth. 
We have been taught that the piece-work, or contract, system is most 
satisfactory because the company gets what it pays for and a workman 
is able to earn according to his ability, so that a good man gets higher 
wages than a poor man. 

The paper presents this question from another angle and shows that, 
from the workman’s viewpoint, the contract system may not be entirely 
satisfactory. Whether or not the defects pointed out are sufficient to 
warrant the elimination of the system and the substitution of the day- 
pay basis is questionable. There is a possibility that many of the defects 
enumerated may be overcome by a somewhat different method of apply- 
ing the contract system. For instance, some form of bidding system 
may be used. In other words, should a company desire to have a tunnel 
driven, it would submit specifications and ask for bids on the basis of, 
let us say, one month’s duration. This procedure would eliminate any 
charges of favoritism and of arbitrary setting of rates. The men would 
bid for the contract and carry it through in good faith. Undoubtedly 
some difficulties might be met with but they would not be too hard to 
overcome. For example, if one crew had a good contract one month, 
the chances are that the next month a lot of other men would bid against 
it and if the original contractors were underbid they might be dissatisfied. 
Possibly if the original contractors were given a handicap, say, of 6 per 
cent., whenever a contract was being reassigned, at the end of each 
month, this particular trouble might be solved. Other questions that 
would come up with the introduction of a new form of bidding could be 
as satisfactorily settled. 

A'. K. Knickeebockee. — It is ferae that the suggested system is stiU 
a piece-work system and has the disadvantages of all piece-work systems. 
The probability of attaining the ideal of a mutual interest between em- 
ployer and employee as a solution of the wage problem is, of course, in 
the minds .of everyone. But this, at best, can be but a process of 

* Received Mar. 19, 1920. 
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slow growth, and doubly so when dealing with large bodies of foreigners 
who have not been thoroughly assimilated into our social body or versed 
in our American ideals, and are, perhaps, suspicious or resentful due to 
injustices dealt them in this or their own countries. The problem for us 
is to take care of the situation as it is, investigate our methods carefully, 
and see if there are not things that can be done to correct the trouble. 
Taking out even a few of the injustices will be a step toward attaining 
our ideal. 

The bulwark of a successful enterprise is a contented worker. Sev- 
eral things go for contentment, but a just and adequate wage is not the 
least. A just wage contemplates the proper relation between work and 
wages, embodied in the phrase, ^^An honest day's pay for an honest 
day's work." It is apparent that the contract system, as at present 
administered, does not in all cases properly provide this relation. 

Any employer of underground labor on the Minnesota iron ranges can 
prove to himself that the present system of wage payments is not en- 
tirely satisfactory and is costing him money by investigating the tons 
per miner or the total tonnage hoisted during the last week or the last 
half of the month as compared to that of the first week or the first half 
of the month, respectively. The fact that there are contracts in nearly, 
every mine which each month fail to make the company-account wage 
and are paid off at that wage further indicates that something is not 
altogether right about the system. 

Under the present system there is more or less wrangling around the 
average mine, which the suggested system would help to remedy. The 
men on each shift think that the men on the opposite shift do not do 
their share of the work or that they so arrange things that they do the 
easiest work and the part that shows most, such as loading cars, etc. 
Inasmuch as cars produced are the things which the captain watches 
and on which men are often judged, there is a tendency for men to become 
known as car producers, even at the expense of their partners. The new 
system would tend to remedy this feature, as it would give the men and 
the captain a record of exactly what each shift had done, so that there 
could be no argument in the matter, and the matter could be carried 
even further and each shift paid only for work done by it. 

It has been suggested that a card, of not undue size, could be used 
for each man or each contract per day, with the operations listed thereon 
in such a manner that the recording of them could be done by means of 
a punch. This appears to be a neat, accurate, and time-saving way of 
making and keeping the records. 
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Method of Curtailing Forces at the Copper Queen 

BY CHARLES F. WILMS,* E. M., BISBEE, ARIZ. 

(Chicago Meeting, September, 1919) 

The problem of the curtailment of forces in large numbers does not 
often come to employment departments and is, therefore, a problem that 
many departments are not prepared to handle intelligently. Those 
companies that are able to measure the individual eflSciency of each man 
would probably lay off men according to their individual ability, irrespec- 
tive of dependents, citizenship, or other considerations. 

During the war when labor was scarce, the business of the employment 
manager in industry was hiring men and carefully placing them where 
they were best fitted to work. The careful selection of employees had 
developed to a considerable extent before the war, and was becoming a 
recognized science. In the last few months, however, the cancelation 
of copper contracts, the accumulation of large stocks, the necessary cur- 
tailment of production because the copper could not be sold, and the 
lack of any immediate prospects of the copper market opening, have 
led to a universal reduction of forces, and the problem that industry 
now confronts is that of discharging rather than employing. The prob- 
lem has been aggravated by the cancellation of contracts in many war 
industries with the consequent turning loose of hundreds of thousands of 
men, a great amount of unemployment, and the return of the soldiers and 
sailors. The problem has now become one of reduction of working force 
with the least hardship and the least injustice, and yet caring for the 
soldiers, sailors, and marines who have been in the service of the 
government* for nearly 2 years, and are now returning to their pre-war 
positions. 

The Copper Queen Branch of the Phelps Dodge Corpn., operating 
at Bisbee, Ariz., found it necessary, like all of the other copper com- 
panies of the country, to reduce its force materially. In making this 
reduction it was, after due consideration, decided to classify employees 
with respect to dependents, length of service, and citizenship. The ques- 
tion of individual ej9S.ciency or workmanship was not considered. Copper 
produced to sell at 26 c. a lb. has been selling at under 15 c., and very 
little copper is being sold at all. Practically every copper producer in 
the country has enormous stocks on hand, and it would be profitable, 


♦Consulting Supervisor, Department of Industrial Relations, Phelps Dodge 
Corpn. 
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in. the sense of taking no loss, for many to close down entirely. It has 
been impossible to reduce wages to the basis of the price of copper, for 
such reduction would bring the wage scale below the cost of living. It 
would obviously cause hardship to stop the work altogether and would 
throw out of employment a large number of employees who have worked 
loyally for the company for a considerable time, and it would disturb 
the labor situation greatly by increasing the number of unemployed. It 
therefore became necessary to reduce the output to as low a point as 
possible and still maintain reasonable costs and retain in the employ of 
the company men who have put in years of faithful service. In ma,ny 
cases it has not been possible to place these men in actual operating work, 
so they have been put on development work, in spite of the fact that it 
could be done more cheaply later on, and that some of the Phelps Dodge 
properties have development work so far ahead of actual mine operations 
that this work could be stopped for a considerable period. 

As one of the features of its employees’ representation, the Copper 
Queen maintains a welfare committee, composed of nine men, elected 
annually by the employees, who represent various divisions of the plant 
and mine. For days this committee met with the superintendent, the 
foremen, the employment manager, and the service-record clerk, and 
studied individually the record of every man as to his continuity of 
service, his dependents, citizenship, and reliability. With the records 
of every man before them, the result was a careful classification of all 
employees. 

Class 1 consists of all old employees who have been in the service of 
the company over 2 years, who have dependents, and who are citizens 
of the United States. This class also covers old employees, of the com- 
pany who are nearing the time when they will be eligible for a pension, 
without citizenship being taken into account, for it was considered that 
their pension had no relation to their citizenship, and that it would be an 
injustice to classify otherwise men whose long service had entitled them 
to the privilege of retiring shortly with an income. 

Class 2 consists of soldiers, sailors, and marines, whether they have 
been in the employ of the company for 1 month or a period of years. 
This classification, along with the rule that all honorably discharged 
soldiers, sailors, and marines who worked for the company before the 
war should be given employment, even though the forces were being 
curtailed, gives distinct preference to those men and will greatly relieve 
the problem of the returning soldier in the Warren District, 

Class 3 includes old employees who have worked continuously for 
over 2 years, who are without local dependents. There are many men 
working in mining camps who have families elsewhere, and these men are 
put in the above class provided they are American citizens. Class 3 
also includes the younger employees who have worked continuously 
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since Jan. 1, 1917, and who have dependents. In this class also are 
placed old employees who have dependents, but who are not citizens. 

Class 4 covers the men who have worked less than 18 mo. and who 
have dependents and citizenship. It also includes some Austrians and 
Germans who had made the first move toward securing citizenship, but 
who were deprived of the right to make their final application during 
the war, provided they had dependents, and had shown evidence of 
desiring citizenship. 

Class 6 includes those employees without dependents who have come 
on the company payrolls during the past 18 mo. It also includes non- 
citizens with no local dependents; in some cases there was a question as 
to dependents, as well as citizenship, and these names were placed in a 
higher class pending investigation. 

The men are laid off in the reverse order of the classes, class 5 being 
first, then class 4, and so on. With the announcement of the system to 
be used, it became apparent to the workmen that even before, class 4 
might be exhausted the organization would be top heavy with overhead, 
and while no annoimcement was made on the subject, men classified in 
any of the first four classes have felt a sense of security of emplo 3 ment, 
a feeling that as long as the copper mine was going at all, their work was . 
assured. Previous to the announcement of the system, knowing that 
curtailment was to take place, there was a general feeling of unrest, of 
wondering whose turn would be next. The men who felt that they had 
been wrongly classified have been given the privilege of appealing to the 
employees’ welfare committee for re-classification. 

It would be hard to state definitely the results of this system, for it 
is not known how much the conditions existing in the Warren District 
can be attributed to it, but certain things have been very apparent. 
Unemployment has not been particularly visible in the district. Inas- 
much as practically all of the men laid off were single men, they left the 
district at once for other places of employment. There has been no 
serious effect upon business, for the curtailment did not cut down the 
population of the district to any appreciable extent. With the announce- 
ment that forces were to be curtailed, the local relief association pre- 
pared for more active work, as* it was felt that among the foreigners, 
especially, there would be great need, but this has been found not to be 
the case; the association has few more, if any, to care for. 

Another noticeable condition is the attitude of the workmen toward 
the lower wage scale. The Warren District has been one of the few 
districts in the West in which the cutting of wages and the curtailment of 
forces was accepted as unavoidable, and where the men recognize and 
appreciate that the wages were not cut to the extent that the price of 
copper warranted. Had the lower wage scale and large curtailment 
of forces been accompanied by large numbers of idle men, the suffering of 
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families, and the usual accompaniments of unemployment, it is probable 
that busy tongues might have caused considerable discontent. 

The method outlined, with its apparent justice, is undoubtedly one 
of the reasons for the stability of the labor situation in the Warren Dis- 
trict, and evidences the desire of the company to give a square deal. 

DISCUSSION 

The Chairman (P. K. Copeland,* Chicago, 111.). — At this particular 
time conditions existing in this country, and elsewhere, make all questions 
of milling or smelting or mining, or anything else, absolutely secondary to 
the one question of labor. We have always devoted our attention 
largely to the efiBiciency of machinery, and to reductions in costs, etc., 
and have let this tremendous problem of our relation to labor more or less 
take its own chances. There has never been a time when those who are 
responsible for the operation of business of different kinds were as com- 
pletely at a loss as they are now, so that anything that can be brought out 
that relates to labor is, to my mind, of utmost importance. 

T. T. Read, Washington, D. C. — This formulation of a method of 
curtailing forces at the Copper Queen is a notable step in advance of our 
treatment of personnel in the mining industry. So far as I know, it is the 
first case where a company has bound itself to follow a definite method, 
although the general idea has been practised in many if not most in- 
stances. Here the company has definitely formulated a method by 
which it binds itself and recognizes the obligations existing when it 
brings a man into a district, causing him to settle there and acquire 
property, real or personal. Under such circumstances, the company is 
in part responsible for seeing that, so far as possible, he shall not suffer a 
loss through unemployment. The man who goes into a district to engage 
in a definite type of work, for which there is there no other outlet, and 
who works for a company a long time has established a relationship with 
that company which has not always been clearly recognized. If he is 
no longer wanted in that company, for even the most excellent reasons, a 
loss is incurred by him which he is not in a position to bear. 

In recent years, through studying the development of this question of 
personnel, there has come the recognition of the desirability for the in- 
dividual to be guaranteed against loss. Probably it is an outgrowth of 
our appreciation of the benefits of insurance. In this case, a company has 
put itself on record as recognizing the interests of the men to be laid off, 
sa3dng that it should be the men who will suffer the least loss. This is 
surely a most notable advance in the right direction! 

Classification is probably open to further study to determine the 
question of whether these classes are of equal gradations of interest, 

* President, Sullivan Machinery Co. 
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and whether the men included in one group may not belong with another 
group. 

C. H. Benedict,* Calumet, Mich. — Our experience, without being 
formulated to that extent, was about along the same lines. We made 
three classes — the man with dependents, the single man, and the returned 
soldier. We took the stand that the community had a decided respon- 
sibility to the returned soldier so that we gave every soldier his position 
or the equivalent thereof. Very often it was hard to decide between the 
young man coming back from the war and some one who might not be so 
fortunately placed, yet we always took the stand that the soldier, was 
■ entitled to the position if he wanted it. Occasionally we put the ques- 
tion up to the soldier, who very often would say that he would go some- 
where else to look for a job. But when we laid off the men, we laid off 
the single man first. When it became absolutely necessary to lay off the 
men with dependents, an effort was always made to cause the least loss 
not only to the man but to the community as well. While companies 
may not have advertised the fact, I think there is a great deal of time and 
a great deal of consideration being given to this question by the manage- 
ment that is not appreciated by the community or possibly by the workers 
themselves. 

Chaibman Copeland. — Did you find, what seems to have been a very 
common experience, that the returned soldiers in' many cases did not 
want their old jobs back, that they wanted something different? 

C. H. Benedict. — In general, they were very glad to get their jobs 
back again, although a very large percentage of them later gave up 
their old jobs because they were dissatisfied. 

G. M. Taylor,! Colorado Springs, Colo. — We had about 180 men go 
to war from the mines; about 15 per cent, of them returned and about a 
third of these quit in a month. 

/ 

Chairman Copeland. — There seems to be a great difference of experi- 
ence with the returned soldier. I am very much mterested in that ques- 
tion. In almost every case in my experience the men were glad to get 
their old jobs back. But I know that here in Chicago there has been 
much trouble; a man who had been a plumber wanted to be general 
manager, and so on, but our experience was contrary to that, the men 
were glad to return to their old jobs. 


* Metallurgist, Calumet & Hecla Mming Co. 
t Manager, Milling Dept., Portland Gold Mining Co. 
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Physical Examination Previous to Employment 

BY CHAELES F. "WIIiLlS,* M. B., BISBEE, AEIZ. 

(Chicago Meeting, September, 1919) 

The time is no longer when a man can act as an independent unit; 
the appreciation of the interdependence of one man upon another has 
emphasized the importance of the social unit. Epidemics have made us. 
recognize that even a man’s health is not distinctly his own to control as 
he pleases. 

The physical examination of workmen previous to employment 
started with an effort to prevent the spread of tuberculosis, for tubercu- 
losis may be detected in its early stages and cured. But it was soon foimd 
that many other diseases were detected and the saving of lives made 
possible. The physical examination does not mean the elimination of 
the imfit — on that basis it would utterly fail — ^but rather the measuring 
of a man’s physical fitness and placing the man where he can do the best 
for himself, his fellow worker, and the company. Industry as a whole 
cannot expect to live up to the standard of physical examination set for 
the army, nor should it expect to do so, for in all branches of industry there 
are types of work that do not require the same amount of endurance as 
does army work, and the placing of men with physical limitations in the 
work for which they are capable permits a higher average of physical 
fitness for the work requirmg physical excellence. 

Objects of Physical Examination 

The objects of physical examination are: The early detection of ill- 
ness, particularly at a time when a full restoration of health is possible; 
the protection of employees from infection caused by working in contact 
with contagious diseases; the discovery of a man’s physical limitations, 
in so far as his possibility for rendering good service is concerned; assist- 
ance to the safety movement by eliminating association in hazardous 
occupations with men whose physical condition renders them likely to 
accident to themselves and others; and the lessening of time lost by sick- 
ness. Statistics issued by the United States Department of Labor show 
that 22.54 per cent, of idleness is caused by sickness, with an average 
number of 7.71 weeks idle; whereas only 1.66 per cent, is caused by acci- 


* Consulting Supervisor, Department of Industrial Eolations, Phelps Dodge 
Corpn. 
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dent with an average number of 8.98 weeks lost. Sickness is responsible 
for almost one quarter of the economic losses due to unemployment. 

The physical examination, however, will not stand as a preventive 
of illness and accident unless followed by the most minute detail. The 
army does not merely get fit men into its service but does everything 
possible to keep them fit, and in industry unless like care is taken and 
every effort made to follow the advantages of the physical examination, 
nothing is gained. The employment of healthy men to do work in un- 
healthy surroundings is nothing short of criminal. 

Advantages of Illness-prevention Work 

Many mine managers have recognized for some time the importance 
of illness-prevention work, but they have appreciated that illness cannot 
be prevented by the physical examination alone any more than by im- 
provements in sanitation, sick benefits, free medical advice alone, or 
any one of the other factors entering into it, and that only by the com- 
bination of all of these factors can results be secured and the benefits 
obtained. There are so many factors and so many branches that illness- 
prevention work, off hand, looks to be costly, and statistics have not been 
available as to its necessity or even its cost to the industry. But the 
experience of those who have been active in illness-prevention work is 
that it has paid big dividends in money, satisfaction, continuity of work, 
and contentment. Another reason for the lack of adoption of the physi- 
cal examination has been the financial unpreparedness of the average 
employee to meet the exigencies of sickness, which delays early detection 
and treatment. While without a doubt this will some day be cared for 
by the state with some form of insurance, there are many ways of caring 
for it at the present time, and the mines where physical examination is 
in vogue do not allow that feature to stand in the way of its success. 

Method Used at Copper Queen Mines 

The Copper Queen Branch of the Phelps Dodge Corpn., operating in 
Bisbee, Ariz., has had the physical examination as part of its general 
plan for prevention of illness and accident and the improvement of the 
physical caliber of its workmen for a number of years. A study of the 
methods used, their relation to the other activities of the company for 
the benefit of the workmen, and the results obtained are well worth the 
time spent, for the methods have been very beneficial to the operators 
and more so to the employees. 

In the early days of the Copper Queen mines, sickness was common, 
epidemics not infrequent, and accidents an everyday occurrence, with 
the result that the employees were a heterogeneous gathering of ineffi- 
cient individuals who appreciated the fact that the company cared little 
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for their well being and who cared little themselves. Soon, however, 
there was a well-devised plan that not only included better health for 
the employee, better working conditions, and better living conditions, 
but also better social and recreational facilities. It included practically 
everything necessary to make a well-organized, substantial, permanent 
community. Space will not permit the giving of details of the plan, but 
only a reference to some of the activities relating to illness prevention, 
particularly the physical examination. Parts of the plan are common to 
many companies, but the methods of relating them to the general plan 
are not so common. 

A contract-hospital system is a common factor in nearly all mining 
communities today, but the ordinary hospital of the mining camp is not 
aimed so specifically at illness prevention as is the one at the Copper 
Queen. Its pohcies are broad; the desire is to be as liberal as possible, 
not to draw the line closely as to what should be included in the hospital 
fee. The hospital does not, by many thousands of dollars, support itself 
by its fees, but the loss is more than made up by the greater satisfaction 
given the employees and in the knowledge of the officials of the company 
that the hospital is performing the best service possible and that the 
doctors are not using their positions to obtain money from the men on 
various pretexts. As is usual in contract-hospital systems, elective 
operations are charged for, and occasionally disputes arise as to what 
constitutes an elective operation. As the object is not merely to cure 
men but to keep them well, in the Copper Queen hospital any operation 
that will improve health is ordinarily considered necessary and is per- 
formed without extra charge. 

The liberality of the hospital policy would not be possible if it were not 
for the physical examination. It would not be feasible for a company to 
employ men irrespective of their physical condition and allow all the 
same hospital privileges. The physical examination becomes to some 
extent the selection of risks, and because of this selection the very liberal 
policy is made possible. Without a physical examination, a liberal hos- 
pital policy would soon cause a camp to become a gathering place for 
industrial cripples seeking to be cured.- While there is no doubt that 
there should be such a place, it should be provided by the state rather than 
any one organization. 

The Copper Queen also maintains a beneficial association' for its 
employees, which is nothing more nor less than a cheap form of insurance 
against sickness and death outside of work. During 1917, the employees 
paid into the association $55,362.82 and the company contributed 
$12,600.85. The total benefit payments amounted to $69,844. This in- 
surance only costs the workman 1% per cent, of his daily wage up to a 
maximum of $2.19 per month; and in case of death by accident or sickness 
while off duty, one year's wages are paid the dependents, not exceeding 
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$1500. In case of the loss of time by accident, one-half wages are paid 
during disability, not exceeding $62.50 per month. In case of the loss of a 
hand or a foot, both hands or both feet, or both eyes, one year’s wages are 
paid, not exceeding $1500; and in the case of the loss of one eye, one-half 
year’s wages are paid, not exceeding $750. 

The support of the employees’ beneficial association comes from the 
recognition of the Copper Queen officials that the health of the workmen 
and their continuous employment is worth money to the company. 
Without a doubt it is worth more to the men themselves, but the company 
is willing to pay a proportion of the necessary expense, the percentage 
depending on the number of the employees who are members of the 
association. It is a cheap form of insurance, but if men were taken into 
this insurance company without an examination as to their fitness, the 
cost of such insurance would become prohibitive. The physical examina- 
tion, therefore, makes possible a very low insurance, particularly when the 
insurance company is run without overhead expense, without the neces- 
sity of a large surplus fund, and with the company paying a considerable 
percentage of the premiums. 

The physical examination was also made a part of the general plan 
for the. improvement of conditions for workmen due to its relation to the 
safety movement. In no other industry is the safety of a man more in- 
terwoven with that of his fellow workmen than in mining. For instance, 
when a hoisting engineer died suddenly from heart failure, three men in 
the bucket dropped to the bottom of a prospect shaft and were killed. 
Without a physical examination, men with hernia are likely to be placed 
where heavy lifting is necessary and the hernia aggravated. Many 
instances may be related of accidents to others due to a spell of weakness, 
dizziness, fits, etc. of one man. Bad eyesight also is the cause of many 
accidents. 

In line with the general improvement in health and physical fitness 
of their employees, the Copper Queen has installed every sanitary con- 
venience that seemed practical. The installation of such devices, how- 
ever, would mean little if the company were to employ physically unfit 
men to use them. It has been the desire of the company to build up 
its mines and its community, and to have its workmen physically 
the best. 

Samuel Gompebs’ Opinion op Physical Examinations 

Samuel Gompers, president of the American Federation of Labor, 
is responsible for the following arguments against physical examinations : 
(1) The apprehension in the minds of the workers that, if their deficiencies 
are ascertained, they will be discharged and will have to walk the streets 
in idleness and thus aggravate their situation and condition. (2) The 
rejection of the unfit, which practically means condemnation and suffer- 
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ing for those depending on him for support. (3) The fact that many 
applicants for work have been weakened and enfeebled by long periods 
of unemployment, lack of proper nourishment, etc. (4) That there is a 
tendency on the part of the companies working in illness prevention 
to extend their sphere of jurisdiction into the homes. (5) That there is 
no provision for the care of industrial cripples. 

There is no doubt that some of these objections would be tenable if the 
physical examination were carried out with those objects in view. But 
the employer who carries out the examination for the purpose of building 
up a physically perfect working force rather than for the benefit of the 
employee himself, will ultimately defeat the real purpose and object 
desired. 

Two years later, however, as chairman of the Committee on Labor, 
Mr. Gompers recommended to Secretary of Labor Wilson that medical 
examination of applicants be made one of the functions of the government 
recruiting agency. This recommendation was the outcome of a confer- 
ence held in New York, July 15, 1918, and embodies the consensus of 
opinion of physicians and public-health workers. Resolutions stated 
that it was the sense of the conference that the physical examination of 
workers is primarily a measure of health conservation, and also is esi^ential 
to maximum production, a war necessity, in that the purpose of the med- 
ical examination is not to eliminate the worker from industrial service, 
but to adapt him to the work for which he is physically fitted. 

Method of Making Physical Examinations at the Copper Queen 

The method of carrying out the physical examination by the Copper 
Queen answers well the arguments agaiust such examinations. The 
large number of cases that come to the attention of the medical examiner 
are not cases of illness that require hospital or sanitorium treatment or 
necessitate the laying off of the man. Full preservation of the rights 
of the employees is maintained and the matter of following up the results 
of the examination by re-examination and treatment is strictly optional 
with the men. The examination does not increase the authority of the 
employer over the workman, and, except in a few cases, it has been the 
desire of the employee to correct and maintain good health. 

To secure privacy, the examiner's room is fitted with five private 
rooms, all of which open directly upon the doctor's room but are not open 
to each other. 

The attitude of the examiner is important. Dr. R. B. Durfee, who 
conducts the examinations of the Copper Queen, emphasizes the fact 
that the examination is made in order that the workman may have a better 
knowledge of his own condition. He is told of his condition as the ex- 
amination progresses, wherein he can help himself, where treatment is 
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necessary, and where changes in his living conditions would improve 
his health. • Many of the men are given information that is invaluable 
to them. 

During the six months’ period, ending June 30, 1918, the medical 
examiner of the Copper Queen miaes examined 2342’ men, 88 of 
whom were rejected. Of these 88, 20 were conditionally passed by 
the mine superintendent and put to work. Therefore, the rejections 
amounted to about 30 in 1000, as against several times that number in 
the army. It can be readily seen that the Copper Queen policy is not 
the rejection of the physically imfit, but rather the placing of men where 
they are best fitted and where the safety and health of their fellow em- 
ployees are not impaired. 

Three men were rejected for albumen; this is only m extreme cases, 
however. A man is usually put to work where conditions warrant treat- 
ment and cure. A careful examination is made of the heart, for this has 
its influence upon safety. A man suffering from a diseased heart is a 
menace to his fellow employees and is physically imable to carry on his 
work. He is likely to become unnerved if engaged m work that is full of 
quick surprises or excitement, the excitement itself saps his strength, ia- 
terferes with his own safety, and adds to the risk of others. However, 
only seven men were rejected for this cause. Miniug is arduous work 
and involves much heavy liftmg; therefore a careful examination is made 
for hernia, a serious natural weakness common in every walk of life. 
Thousands of people have hernia without knowing it until it becomes 
painfully serious or is pointed out to them. A comparatively simple 
operation cures the disease in a short time. Out of over 2300 examined, 
48 were found to have severe cases of hernia. Practically all of the 20 
men conditionally passed by the mine superintendent were men having 
hernia, which was to be corrected by an operation later. A raptured person 
mortgages his vitality and gambles with his life when he lifts heavy loads 
or even coughs violently, and he should not be placed- in a position 
where he is liable to mjure himself. 

It is only in the case of active tuberculosis that rejection is made; 
in ordinary cases of lung weaknesses men are placed in out-of-door work 
where the danger of contagion is small and where the likelihood of cure is 
large. But seven men were rejected for tuberculosis. Men with this 
disease in an active stage are unable to do a day’s work and, what is more 
important, they are likely to extend the disease to other workmen when 
working in a confined place. The detection of weak lungs offers the doc- 
tor the opportunity to give men advice as to their methods of living, eat- 
ing, etc., which will correct their condition. 

Six men were turned down btecause of their eyes. Those with ordi- 
narily poor eyesight are not rejected — ^practically every case amounts 
almost to blindness. It is not uncommon for a man to be entirely blind in 
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one eye without knowing it. If eye tests had been common in indus- 
tries in the workman’s early life, the sight of the now useless eyes could 
have been saved in many cases. Occasionally cases of trachoma are 
found, which call for special care in order to protect other workmen from 
the disease. 

The rejection on account of defective hearing is a matter of degree. 
Two men were turned down for this cause during the six months, both 
of whom were cases in which there would have been considerable danger 
to themselves. 

It is not uncommon to have men making application for work who 
have one arm, one leg, or who have not the use of their arms or legs; and 
while there are occasional positions in which these men might be placed, 
and it is the policy to place them whenever possible, usually rejection 
has to be made. One man was rejected on this account. . 

Men having venereal diseases m an acute and contagious state are 
rejected, although there was but one case of this in more than 2300 men 
examined. The conditions of a mine where men are working in more or 
less confined quarters permits the spread of such diseases far more readily 
than in many other industries, and no man desires to be in direct contact 
with venereal diseases. 

Drugs, alcoholism, and morphine were responsible for the rejection 
of four men. Such men are dangerous to others. 

Bright’s disease accounted for one man, fever for three, measles for 
one, and teeth for one. Bad teeth lead to indigestion, which in turn 
clogs the mental and physical powers and makes a person stupid and in- 
efficient. They also send germs in increased quantities to the lungs 
and heart, tighten joints, and cause rheumatism. Rejection is only in 
extreme cases, however, for this reason. 

It can be seen from the foregoing that the Copper Queen method 
is by no means the rejection of the unfit, but rather the rejection of those 
almost totally crippled and those who are a menace to their fellow em- 
ployees. There can be no question of the advisability of the physical 
examination, whether it is considered from the humanitarian standpoint, 
or the selfish cash-conserving standpoint. It adds to the workers’ 
physical comfort, gives them better employment for longer periods, re- 
moves, as far as possible, danger from contagion, and improves conditions 
in their homes and in the community. By paying attention to physical 
defects ih time, defects that would be overlooked if such physical examina- 
tions were not made, hundreds of employees have been refitted for work 
who would otherwise be jobless because partly incapacitated. Moreover, 
the health education imbibed by the workers extends to their families. 

The fear that has been expressed that the practice of applying the 
rule of physical fitness will rule some men out of industry is shown, by 
the records of the Copper Queen, to be of little weight, because very few 
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applicants are barred from industry because of their physical defects; 
and we must agree that it is good policy to quarantine out of industry 
a man whose physical condition carries with it a menace to his own safety 
and to that of those who work with him. The records show that by 
locating and protecting their infirmities, hundreds of defectives have 
been directed into safe and remunerative places in industry who otherwise 
would have been unable to continue at work. 

DISCUSSION 

The Chairman (F. K. Copeland,* Chicago, 111.). — This isan interest- 
ing and very troublesome proposition to all of us. Ten or fifteen years 
ago, when the old-fashioned idea prevailed that a man was responsible 
for his own health and safety, that if anylJiing happened to him it was 
his own lookout, we got along without this problem; but with the advent 
of accident compensation, with the agitation that there is all the time for 
pensions, sick benefits, and the responsibility of a company for the health 
of its employees, whenever you take a man on, that phase is becoming 
more and more important. One cannot afford to hire a man who is 
blmd in one eye, even though he may have perfect sight in the other eye; 
if he loses that one eye, if he becomes a total disability, the company is 
liable for the man’s complete sight. 

Another thing that should make us particularly interested in this 
problem is the fact thait the unions are very much opposed to it. One 
of the requirements of this steel unpleasantness is that the companies 
abandon their physical examination of employees. It is a very difficult 
problem to examine 400 or 500 men as intelligently as possible and decide 
whether a man on this or that side of the line is accepted. 

T. T. Read, Washington, D. C. — The United States Bureau of Mines 
has in progress at the present time a study of the effect of underground 
atmospheric conditions on the safety and health of the workers. Im- 
proved methods have been employed and it is an excellent and ex- 
tremely valuable piece of research work. 

It is a distinct disadvantage that, with the present compensation 
laws, the crippled man is penalized because of the- fact that he has lost 
one leg. If he loses the other he then becomes totally incapacitated and 
his employers will be correpondingly responsible, therefore no company 
cares to employ him. He must receive his total disability compensation 
if he loses the other leg, which he is more likely to do than the man who 
has two legs with which to get out of the way. This problem has been 
discussed with the organizations that have charge of the vocational 
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re-education of returned soldiers and they are taking steps to adjust the 
matter. 

I would like to ask if any one knows what is the real cause of opposi- 
tion by labor organizations to physical examination, aside from the general 
policy of labor to fight anything of a compulsory nature? The argu- 
ments put forth by Mr. Gompers have very little basis of fact to rest 
upon. 

ChaiemAn Copeland. — I have never been able to get any real light on 
the subject except the general theory that all men are equal and entitled 
to the same wage, and that if a man is a cripple he is discriminated 
against. I think the same difficulty has been found in the application 
of the minimum wage. A minimum wage is being established by some 
of the states, Massachusetts for instance, particularly ip the employ- 
ment of women. As the employer has got to protect himself against 
the employment of inefficients, instead of employing a man or woman 
and paying what each can earn, the question at once becomes, can 
the applicant earn the minimum wage which tends to throw a lot of 
people out of employment? 
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Educational Methods- at the Copper Queen 

BY CHAELBS F. "WILIJS,* M. E., BISBEB, ARIZ. 

(Chicago Meeting, September, 1919) 

Many of the failures in vocational education are due to the fact that 
the educational methods were not designed to the capabilities, habits, 
and environments of those to be trained; rather they were based on the 
policy that education is education and lessons are lessons, whether for 
youngsters of fifteen or for men of forty. 

Vocational education among miners involves, first, a study of the men 
themselves, their habits, and the use of their leisure time; second, a 
study of the differences between the methods of teaching required for 
men and for children. Certain fundamental requirements of training 
methods for miners are reasonably universal and may be applied with 
success to any ordinary mining community. The rate of labor turnover 
is another consideration; it would be useless to design a fom-year course 
for men who remain in one place only a few months. 

Length op Course 

The first consideration should be the length of the course. Few 
mining communities have a sufB.ciently stable population to make it possi- 
ble successfully to carry on a course for over a year. While some men 
might complete a four-year course, the number is comparatively small 
compared with the number to whom a shorter course would be of service, 
and it is better to raise the standards of education even a little for a 
large number than to raise them to a high level for a few. 

It is perfectly possible to attain both objectives by arranging the 
courses in small units; aU the units, when grouped together, should com- 
prise a fairly complete course, yet any one unit should be complete in it- 
self and of benefit to the workman. It should not take many of these 
units to make a miner or a timberman out of a mucker; but th do this 
the course should be short, because muckers seldom stay in one place 
long. Bj"- grouping a number of these units together it would be possible 
for a miner to become a shift boss or a shift boss a foreman, and so on. 
As far as possible the units of the course should not be dependent on those 
preceding or following. The workman understods the coihpleted job 
but he is not accustomed to canying on several jobs at the same time and 


* Oonaolting Supervisor, Department of Industrial Relations, Phelps-Dodge Corpn. 




608 


EDUCATIONAL METHODS AT THE COPPER QUEEN 


progressing in each. The mind of the schoolboy can carry geography, 
Snglish, history, and other subjects continuously, but the mind of the 
miner, unless he is especially trained, can carry better one thing at a time. 
This develops what might be termed a single-track mind, and the public 
schools are tr3dng to develop minds with many tracks, all of which may 
be in use at the same time. The school knows, however, that the proc- 
ess is continuous, while in industry the educational processes may be 
concluded whenever a man desires. The mind of the ordinary workman 
can better be devoted to one thing at a time; therefore, rather than trying- 
to make his mind suit traditional educational processes it is better to 
make the educational processes suit existing mental conditions. 

The division of the course into individual units has further advantages 
in that it permits a man to enter the course at any time, complete it, 
and go ahead with the next course. He may start at number 14 of one 
course and finish with number 13 of the following one. There is no reason 
why he should be denied the benefits of the work because he did not 
happen to be in the camp when the course started. This permits the 
course to adapt itself better to the type of men found in some camps. 
Such a course is self-advertising; the interest of its own participants 
is one of the means of bringing new attendance, and the fact that a man 
may start any time, or, if circumstances require, drop out and be able 
to pick up the work again, is worth much in the efficiency of the work. 
Any man is better off for having attended even a part of the work. 

Frequency op Lectures 

The question as to how often lectures should be given might vary 
with the individual community. The niunber depends on the hours of 
labor, the fatigue of a man’s daily work, the outside attractions, and other 
things. They should be given as often as a full and regular attendance 
can be secured. In some places where there are few social functions, two 
or even three nights a week might profitably be given over to the work, 
while in others there would be but one night in which a full class would 
attend. The course should be designed to offer the greatest attraction 
to the men, not merely put up to them to “take it or leave it.” The 
fact must not be overlooked that vocational schools are -dealing with 
mature men of more or less fixed habits, and it caimot be expected that 
a Tng,Ti can suddenly drop all of his former recreational habits and change 
to evening after evening of studious endeavor. He may try to, but will 
not keep it up, unless he is a man of extraordinary ambition and unusual 
force of character. 

Not less than one night a week and not more than two seems best, 
and even two-night periods cannot be successful except in a community 
that is quite lacking in other entertainment. Three nights in two weeks. 
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once in two weeks, or any other irregular time should be avoided, because 
of the likelihood of forgetting the lecture hour. It requires but a short 
time to have the habit of attending the course on a certain night as fixed 
as any other habit. Care should be taken to avoid the postponing of any 
lecture, for this affects attendance as a habit. 

The workman attending night school cannot listen and take notes 
as is done in college. It must also be remembered that he already knows 
much about the subject being discussed, and that he is being taught to 
correlate and use his knowledge more effectively. To avoid the taking 
of notes and to encourage discussion, it is advisable to supply each lec- 
ture printed, or mimeographed, the week previous to the date of delivery, 
so that the men will have their questions formulated in their minds. This 
permits the lecture period to be devoted largely to discussion, which in 
itself is of value, as it makes the man do some thinking on the subject. 
This method also requires that all lectures be carefully prepared, not the 
^^hit or miss’’ exposition usual in unprepared lectures, unless given by 
professional and practical public speakers. 

Object op Course 

A definite objective is an important consideration in a vocational 
educational course for miners. Is a man taking the course so that he may 
produce more for the company, or so that he may share in the increased 
production? What benefit accrues to the workman if he gives his 
evenings to study? His study is not of the character that makes his 
life more pleasant; he is not getting the pleasure that art, music, or litera- 
ture might give him. What does he get? As a rule, he gets no more pay, 
for most mines have fixed scales for all men of one classification and not 
individual rates. Unless a man can see where he is to be a personal and 
individual gainer by devoting his time to study, he is not likely to enthuse 
to the extent of giving up his evening of “Kelly,” his weekly picture show, 
or anything else for the work. An objective is necessary for a successful 
educational course. 


Type op Teacher 

Probably the most important consideration is the type of teacher 
employed. He must be a man that the men feel confident can do better 
than they the things that he is teaching. They do not want a college 
professor, because they doubt his practical ability. But the man who 
knows the subject and can gain the confidence of the men ordinarily 
cannot teach, and the teacher is not usually a practical man. It is the 
case of the educator versus the practical man. A man may be the best 
timberman alive and yet be totally incapable of telling others how to do it; 
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and, vice versa, the most expert man in the science of holding up ground 
may be unable to place a stick of timber. 

This difficulty may be met, however, by selecting as the head of the 
educational department a trained teacher who has a broad,' general 
lOiowledge of the subject to be taught. The teachers may then be se- 
lected from flTnnng the employees and bosses irrespective of their teaching 
ability or their knowledge of the use of the English language. The 
use of the printed or mimeographed bulletins permits lengthy discussions 
between the director of the course and the lecturer; it permits the director 
to plan outlines, make suggestions, and re'vise, and virtually amounts to 
having the director training the teacher to teach his subject. It is 
surprising to note the value of this method. The lecturer is far better 
acquainted with his subject after he has put it in writing and is proud 
of the finished product and is much more of a student of the subject than 
previously. 


Methods Used at the Coffer Queen 

Coal rnining has been far m advance of metal miaing in vocational 
training largely because, in most parts of the country, it is necessary for 
a boss in a coal mine to have a certificate. . Metal mining, has not recog- 
nized this need as yet, although it is but a question of time when all men 
seeking positions of high responsibility in the mining industry will be 
required to show by examination that they have the necessary knowl- 
edge and ability at least to maintain safe and sanitary conditions. It 
was the safety end that led to the examination of bosses in coal mining, 
and it will probably be that end that will procure the same result in metal 
mining. Constructive thinkers are foreseeing the time when capable 
shift bosses will be scarce, when men with a broad view of the mining 
industry can be obtained only through the technical schools, unless some 
other provision is made, and when men who can be correct interpreters of 
the company policies are few and far between. For this reason the. Copper 
Queen authorized and endorsed what is known as the Warren District 
Practical Mining Course, which was designed for the education of miners 
to shift-boss positions. The men were also told that those who satis- 
factorily passed the examination would be given preference in the selec- 
tion of bosses. While the educational plans are primarily those of the 
Copper Queen, they open the way to promotion in the other branches of 
the Phdps-Dodge Corporation — ihe Copper Basin at Prescott; the Bunker 
TTill Mines Co., Tombstone; Moctezuma Copper Co., Nacozari, Sonora; 
the Burro Moimtain Branch, Tyrone, New Mex.; the Stag Canyon 
Branch, Dawson, New Mex. ; and the Morenci Branch, M^orenci, Ariz. 

The plan provides for one lecture a week, forty-three lectures cover- 
ing a period of ten months; these lectures are givMi in both the afternoon 
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and the evening to accommodate both shifts. The subjects are so arranged 
that men may start at any time during the ten months. The lectures 
are printed and distributed among those taking the work previous to 
being delivered. They are perforated and contain a bibliography of the 
subject and possible examination questions, thus permitting a prelimi- 
nary study of the subject and allowing the lecture period to be largely 
discussion and amplification. 

For the purpose of examining and rating applicants for shift-boss 
positions, an examining board, consisting of the superintendent of the 
mining department, two underground superintendents, and two miners 
selected from the men who have completed the course meet and rate 
applicants upon the following scale: Experience, 20 points; attendance, 



Fig. 1. — ^Evening section op Wabeen Disteict peActical mining gouese. 


10 points; habits, personality, and ability to handle men, 20 points; 
examination, 50 points; passing grade, 80 per cent. 

It is not necessary that applicants take the course to be put on the 
eligible list for shift-boss positions; they may merely take the examina- 
tion and be rated. Men passing the examination will be given a certifi- 
cate signed by the examining board, which is of value in any mining 
community, as the high standards of the Copper Queen are well 
known. 

The course given is of state- wide importance, for it is adding greatly 
to the number of trained men available in the Warren District as^well as 
in other parts of the state. The Copper Queen does not expect to hold 
all the men who, by better education, can improve their earnings and 
position — it will absorb as many as possible in its own work, but it is 
reasonable to suppose that men qualified by the training will have at- 
tractive offers elsewhere. 
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The present corps of foremen and executives of the Copper Queen 
act as a board of advisors for the course, adding their knowledge of Cop- 
per Queen methods and policies to the knowledge of the lecturers. With 
one exception, the latter have been taken from the men within the organi- 
zation who have specialized in the study of the various subjects. S. C. 
Dickinson, formerly in charge of the Department of Safety and| Welfare 
of the Arizona State Bureau of Mines, is director of the course, and is 
giving his full time to the plans for the development of efficient and 
S3anpathetic shift bosses. 

Lectures 

During the spring of 1918, a number of miscellaneous lectures were 
given in mining subjects,' in which such interest and enthusiasm were 
shown that the company was encouraged to go into the work on a larger 
scale, with a definite purpose in view, and the course, as outlined below, is 
the result of that work. 

1. Mine tools — pick, shovel, gad, hammer, etc., their use, design 
and analysis. Mucking. 

2. Breaking ground, general. 

3. Drifting — breaking, drift rounds, etc. 

4. Drifting — drift timbering, ordinary and heavy timbering, drift 
repairs, etc. 

5. Drifting — track, track maintenance, road maintenance, switches. 

6. Shaft sinking, including type rounds, timbering, etc. 

7. Raises— type rounds and methods. 

8. Raises — ^timbering, six-post and crib raises. 

9. Selection of mining method — ^various factors governing the same, 
method and analysis of these factors. 

10. Stopes — square-set mining. 

11. Stopes — horizontal and inclined top slice. 

12. Cut and fill — horizontal and incline. 

13. Stopes — caving methods. Inspiration, Ray, Morenci, .etc. 

Miscellaneous Individual Subjects 

14. Sampling — various methods used, elements of inaccuracy, 
limits of precision necessary, etc. 

15. Explosives— manufacture and use of explosives and necessary 
accessories — ^loading, firing, tamping, etc. 

16. Metallurgical considerations in mining — ^relation between smelter 
and mine. 

17. Fire-prevention and fire-fighting methods — methods of prevent- 
ing fires, causes of fires, fighting fire risks. 

18. Mine ventilation — study of needs and methods of adequate 
ventilation, giving both mechanical and natural devices. 
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19. Safety work and accident prevention — place of shift boss in 
accident prevention. 


Mechanical 

20. Applied mathematics — necessary mathematics to understand 
mechanical problems. 

21. Principles of mechanics — ^mechanical types, etc. 

22. Machinery — description, use, and care of water drifters. 

23. Machinery — description, care, and use of stopers and pluggers 

24. Standard machine set-ups. 

25. Electrical machinery — ^general description of electrical machinery 
and electrical devices in use aroimd mines, motors, transmission 
methods, etc. 

26. Hoisting and haulage — general description of hoisting methods 
and devices, underground haulage, relative to costs, efficiency, etc. 

27. Air compression and transmission — general survey of methods 
and efficiency of air compression and transmission. Leaks — their im- 
portance, methods of determining; and their correction. 

28. Pipes and pipe fittings, hoses, etc. — general survey of various 
types of pipe fittings, methods of using, their relative importance, neces- 
sity of care in selection, etc. 

29. Drainage. 

Geology 

30. General geology. 

31. Geology of Warren District. 

32. Elementary chemistry as applied to ores. 

33. Ores of copper. 

34. Map reading, map making, and interpretation. 

Economics 

36. Elementary economics — brief survey of theory of economics 
of labor and capital, and industries in general, labor unions, labor 
policies, etc. 

36. Efficiency engineering — ^history and importance of efficiency 
work, what it means, how it is applied, its particular problems, etc. 

37. Psychology of handling men. 

38. Division of labor. 

39. Wages, bonuses, and other methods of compensation. 

40. Accounting and time keeping. 

41. The cost sheet. 

42. The communities of the shift boss. 

43. Company policies. 
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Importance of the Shift Boss 

The shift boss is really one of the most important men in the economy 
of a mine. As one writer recently said: ''He is the non-commissioned 
oflGlcer upon whom so largely depends the morale of the crew.^^ He is 
the link between the company and its employees. A mine cannot be 
well managed without the aid of one or more good shift bosses. Poor 
ones will render futile the best efforts of a clever superintendent. The 
shift boss selects the men for the different tasks he tells them to do and 
is able to show them how to do it. Being in close touch with the men, 
he is the first to know if trouble is brewing, if they are dissatisfied or un- 
fairly treated, and he may be the immediate cause of trouble by treating 
individuals unfairly, showing favoritism, or exhibiting bad temper. 
Again, the shift boss is expected to have a keen eye for ore, to see that the 
working places are safe, and to report any significant changes in the 
face of a level or stope. He sees to the safety of the working places and 
is the first to give aid when accidents happen. 

Ignorant and loutish shift bosses there are, of course, but they are 
rare, because men of such characteristics rarely hold the confidence of 
the management or the respect of the men. Not only has the standard 
of shift bossing improved as mining has become more technical in method, 
more comprehensive in scale, but a start has been made in training tech- 
nical graduates for this work of supervision, which affords a splendid 
training for educated young men possessed of physique and experience 
that are essential for such a responsibility. Tile innovation may succeed, 
but we shall continue to think of the shift bosses whom we have known, 
not technical graduates, but boss miners, quick witted and strong armed, 
^keenly observant, good natured, and intensely proud of their mine. 

Success of the Copper Queen Methods 

The Copper Queen course us about half completed and has been 
successful, if attendance can be used as a measure of success. The. aver- 
age attendance has been over 200; even the curtailing of forces in January 
and February had little effect on attendance. New faces are seen at 
almost every lecture. Originally the evening class was held in a small 
room in the Y. M. C. A. but has been since moved to the gymnasium. 
Again, if interest is any measure of success, the course has been success- 
ful, for little advertising other than notices, announcing the name of the 
speaker and the subject, has been done. 

It is not yet possible, nor will it be for some time to come, to measure 
the success of the course in terms of shift bosses who have become correct 
interpreters of the company policies, but in addition to the men who will 
qualify and be promoted, there will be hundreds of other men trained, 
and with a better understanding of their work and of the company. 
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DISCUSSION 

G. M. Taylor,* Colorado Springs, Colo. — I do not think the plan 
outlined in this paper would work at Cripple Creek. Most of our men 
have had a pretty good education. The Cripple Creek district is a 
lessee district — I do not think there is one mine operating in Cripple 
Creek today that does not have the leasing system. We have as many 
men leasing on our property as we have mini ng and every man who is 
working for wages is looking for a lease — every man has mined for him- 
self, he has been his own boss on a lease, either on our own property or 
on some of the other properties, and it makes a different class of employees. 

The Chairman (F. K. Copeland, t Chicago., 111.). — Do you have much 
labor turnover? 

G. M. Taylor. — No, we do not. We are very short of men. 

Chairman Copeland. — ^What has been your experience during the 
last two or three years, have the men been coming and going? 

G. M. Taylor. — No, they have not. When the war broke out quite 
a number of our men went to the copper mines; 60 per cent, of them 
returned. They came back to lease and most of them took leases. Our 
labor turnover is practically nothing. 

Chairman Copeland. — You have been very fortunate. I have known 
cases where it has been as high as 80 per cent. If educational effort like 
this can give the men an added interest in their work and an added incen- 
tive and create the feeling among them that the employer is interested 
in their progress and is anxious to give them an opportunity to improve 
their positions, I think that it is a most valuable thing. So many men, 
in mining and other industries, simply have the day’s work before them 
and it is just a question of getting a day’s work done as well as possible 
for a day’s wages. That, I think, tends to crowd them into organized 
labor, I. W. W., or whatever it may be, so that any employer, in any line, 
who can make his men feel that he is cooperating with them, that they 
are a part of the organization, is doing valuable work toward solving 
some of the problems that confront us. 

I was quite interested this past winter in an effort we made toward 
the education of foreigners. We employ many French, some Poles, and 
some Russians and started a night school, which after a while we opened 
to the women — the drives of the foreigners. The attendance was so 
gratifying that we opened it to all the town. It was entirely voluntary 
and free. This was not along liie line of technical education but of the 

* Manager Milling Dept., Portland Gold Mining Co. 
t President, Sullivan Machinery Co. 
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general education of foreigners. It is very satisfying to see their interest, 
and the regularity with which they attend, and the progress they make. 

C. H. Benedict,* Calumet, Mich. — We have good public schools with 
night sessions which are fairly well attended, but the pupils are almost 
entirely Americans rather than foreigners. 

Chaieman Copeland. — I think that is imfortunate, because, unless 
a man can read and speak the EngUsh language, it is very hard to get at 
him, and I think we all ought to get back of this Americanization move- 
ment and push it. 

T. T. Read, Washington, D. C. — ’The fact should be kept in mind that 
Mr. Willis is discussing vocational education and not training in English, 
which is now more commonly spoken of as “Americanization.” Mr. 
Willis does not make any mention of the fact, but it should be noted here, 
that there is a Board of Vocational Education which has a large appropria- 
tion for that work. While we have not seen any visible results of its 
efforts yet, this Board has a good organization and will, undoubtedly, in 
time do good vocational educational work, so that its cooperation will be 
valued in years to come. A number of courses in mining have been 
prepared by competent men for criticism. 

Other things being equal, better results are obtained with a capable 
teacher who is not familiar with practice than with a practical man who 
does not know how to teach. Some firms have used for this purpose 
teachers who are volunteers; young men who are willing to give their 
time, just the way people give their time to teaching in Sunday School. 
That plan usually does not work well, and if the job is worth doing at all 
it is worth paying for, even though the pay may be small. You get much 
better results in the end. Some firms that have given vocational 
traming, to insure that the men would complete the course, have made 
all persons pay a small sum at the beginning of the course, which is re- 
turned to them on a basis of the number of sessions attended, so that if a 
man quits half way through the course, he loses half his money. ■ 

It must always be remembered that you must adapt your methods to 
the class of men you are dealing with; you have got to adapt and develop 
your system for your own peculiar circumstances. 


Metallurgist, Calumet & Hecla Miuiug Co. 



OUTDOOR SUBSTATIONS 


617 



Fig. 1. — 33,000-volt step-up outdoor air-break switch and substation 

INSTALLATION OUTSIDE OF A POWERHOUSE GENERATING AT 2300 VOLTS STEPPING UP 
TO 33,000. Twenty-one coal mines are supplied from lines leading from this 
INSTALLATION. 

comparatively expensive indoor types unless the rate for service was 
materially increased. To prove that the problems incident to develop- 
ment have been solved successfully, it is only necessary to point to the 
wide adoption of outdoor substations by utility companies. Passing at 
once to the question as to whether outdoor substations are applicable to 


* President, Delta-Star Electric Co. 


Outdoor Substations in Connection with Coal-mining Installations 

BT. H. W. TOmsTG,* CHICAGO, ILL. 

(Chicago Meeting, September, 1919) 

Development of high-tension outdoor substations during the past 
few years has been due primarily to economic reasons. The demand for 
power in small communities could not be met with the conventional and 



Fig. 2. — 900-kw. 33,000/2300-volt thebe-phase substation tapping power line 

GIVING SERVICE TO A COAL MINE. 

type of bushings and cover. The outdoor type is commercially avail- 
able in any desired capacity or voltage. ■ 

High-tension Control Equipment 

There are two distinct types of high-tension switches, the oil-break 
and the air-break forms. The oil-break switches are simply a development 
of the indoor types, the principal difference being in housings and termi- 
nals. They are thoroughly’ developed and in successful operation. 
Air-break switches are an accepted standard for transmission systems 
and are available in several forms. When provided with arcing horns 
or discharge horns, they can be used to open loaded circuits. 
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the power requirements of coal mines, it is well to consider first the 
elements entering into their construction. 


Transformers 


Self-cooled outdoor transformers are no longer an experiment. The 
chief difference between an indoor and an outdoor transformer is in the 
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Lightning Arebsters, Choke Coils, Fuses, and Wiring Supports 

Outdoor types of eleetrolylic, oxide film and horn-gap arresters with 
or without limiting resistance are fully developed and have good service 
records. Outdoor choke coils are of the same general design as the indoor 
type with the exception of the insulating supports. The modern high- 
tension fuses can be used equally well indoors or outdoors, the only differ- 
ence being that the outdoor mountings have petticoat instead of pillar- 
type insulators. High-tension wiring supports are standard commercial 
devices. Like the indoor types, they are made in many forms and assem- 
bled to meet the various wiring conditions. 

Construction Eequirbments 

If indoor equipment is to be used, a building must be erected with wall 
or roof bushings for the high-tension incoming lines. This building must 
first be designed for the particular location, hence the services of an archi- 
tect and a contractor are required. In other words, to properly protect 
equipment, we have been obliged to incur a very .considerable expense 
that does not materially add to the operation of the electrical equipment. 
If outdoor equipment is selected, it is necessary to provide a supporting 
structure for only part of the electrical equipment; the transformers and 
oil switches simply requiring a foundation slab. The supporting struc- 
ture is composed of steel sections fabricated in a factory and shipped with 
the equipment, thus eliminating the expense of the architect and con- 
tractor, necessary with the indoor station. 

The outdoor substation steel structures are of simple design and can 
be erected by common labor under the direction of a foreman connected 
with the electrical department of the mine. The steel-tower outdoor 
substation does not require much foundation preparation but can be 
erected on small concrete pillars on the side of a hill, on a piece of waste 
ground, or at points not suitable for other purposes. 

General Design 

The general design of outdoor substations has been thoroughly stand- 
ardized, the actual assembly of elements depending upon local conditions 
to be met. Where two sources of power, such as a double-circuit trans- 
mission Une, are available proper switching arrangements must be pro- 
vided. A standard design for connecting transformers to either or both 
of two parallel and synchronous lines is shown in Fig. 3. 

At the top of the tower are mounted two sets of three-pole, double- 
break-per-phase, air-break switches provided with separate interlocked 
operating mechanisms. Each switch has its own operating shaft and a 
handle so located that opening and closing the switch can be accomplished 
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from ground level. In the high-tension , side of the transformer wiring 
are located three single-pole, combination, choke-coil and fuse units. 
On the opposite side of the tower are mounted three fused disconnecting 
switches connected to the separately mounted three-phase lightning ar- 
resters. From the one-line diagram, the connections can be easily 
traced. The choke coils are so located that incoming high-voltage surges 
or lightning disturbances are reflected to the arresters, where they will be 
discharged in the usual manner. 



Fig. 3. — Steel tower substation with transfer type switches for connecting 

TRANSFORMERS TO EITHER OR BOTH OF TWO PARALLEL AND SYNCHRONOUS LINES. 


Elimination of Expensive Oil Breaker 

An important feature of this design is in the elimination of an expensive 
automatic oil circuit breaker on the high-tension side. That this saving 
can be made without jeopardizing the transformers is not generally under- 
stood by purchasers who often needlessly specify their use. It is essen- 
tial that the expense be kept to the lowest possible value consistent 
with safety and good operation. As there is quite a difference in the 
cost of substations using automatic circuit breakers and air-break switches 
with fuses, the question immediately arises as to whether we can afford 
to use this lower cost equipment. 

Damage Caused by Short Circuits 

It is conceded as a fact that the severity of damage done to trans- 
formers during short-circuit condition is in direct proportion to the amount 
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of energy flowing into the circuit before the transformers are disconnected. 
Whether an automatic oil switch or fuse will clear the short circuit in 
the least time can be answered as follows: High-tension automatic oil 
switches of good design will open in approximately 0.16 sec. under short- 
circuit conditions. High-tension fuses of good design will clear short 
circuits in approximately 0.013 sec. or from ten to twelve times as rapidly 
as the automatic oil switches. 

Amount of Cuerent Flow 

High-tension fuses will, under short-circuit conditions, permit a 
current flow many times the full load rating. Assuming that the current 
flow with automatic oil switches will be no greater and by comparing the 
time elements of the fuses (0.013 sec.) and the time element of the auto- 
matic oil switches (0.16 sec.), it follows that the slower operating switch 



Fig. 4. — Oscillogram record op 66,000-volt short circuit. Two 9000-icv-a. 
GENERATORS IN PARALLEL. LiNE 63,500 TO 110,000 VOLTS. 


will allow approximately twelve times more energy to flow into a short 
circuit than will flow with the faster operating high-tension fuse. In 
considering the above values, it should be borne in mind that the amount 
of reactance in the circuit, including that of the transformers, will limit 
the actual current flow with either device. 

The oscillogram record, Fig. 4, illustrates this point. This particular 
test was made by connecting two 9000»kv-a. in parallel, short circuiting 
one phase to ground on a 63,500/110,000-volt star-connected system. 
The total reactance approximated 20 per cent, and the current flow with 
this 5 amp. fuse was 240 amperes. 

Over-fusing the Substation 

The exceptionally rapid action of fuses will therefore permit overfusing 
the transformers theoretically twelve times the normal current and still 
secure protection equal to that of an automatic oil switch. In actual 
practice overfusing from three to ten times normal is used depending 
upon local conditions. For power circuits subject to wide fluctuations, 
such as mining loads, the high-tension circuit-opening devices should be 
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SO rated or adjusted that they will not operate except in case of actual 
trouble, such as transformer failure, and such cases are rare with modern 
transformer designs. 

Such overload protection as is desired can be secured easily and 
cheaply by means of a low-tension automatic oil switch installed on the 
secondary side of the transformer bank. In substation practice, this 
combination of heavy high-tension fuses on the primary side, which will 
only open in case of transformer failure, and a properly adjusted oil circuit 
breaker on the secondary side of the transformer bank is an excellent 
protective system often used. 

Uses op High-tension Automatic Oil Switches 

The high-tension automatic ofl. switch has the advantage that it can 
be used for switching in addition to the overload feature. When fuses 
are used, it is necessary to install an air-break switch to disconnect the 
transformers from the line. In actual practice, however, it is often advis- 
able and is considered good engineering practice to install disconnecting 
switches between the oil switch and the line. The reason for this is that 
the oil-switch contacts are necessarily concealed in the tanks and to 
be absolutely sure that a line is clear the disconnecting switches should be 
opened, thus giving the operator ocular evidence of disconnection. 

Should the oil switch open frequently or under severe load conditions, 
it is advisable to inspect the contacts, oil levels, and condition of the mech- 
anism. To enable inspection adjustments or repairs, it is often advisa- 
ble to install auxiliary disconnecting switches so connected that the oil 
switches can be shunted and entirely disconnected from the circuit, power 
being temporarily delivered through the auxiliary switches. 

Another point in favor of the oil switch is that after interruption it 
can, if in good condition, be immediately closed, thus reducing the time of 
service interruption. It will naturally require more time to open an air- 
break switch and replace fuses than it wall to close the oil switch. The 
saving of a moment's time may in some instances warrant the additional 
expense of the oil switch. However, the average high-tension substation 
attendant, especially if not ^‘hardened" by long experience, will after an 
interruption be inclined to go slow in closing the switch until he can 
actually view every possible part of the switch mechanism, assuring him- 
self that it is in condition to resume service. 

The fuse and air-break switch combination has, therefore, a certain 
advantage in that every part of the units, including contacts and condi- 
tion of fuses, are in plain view of the attendant. The average man 
working on high-tension equipment has considerably more confidence if 
he can, without a shadow of a doubt, determine its condition at all times. 
The choice of equipment must finally rest with the purchaser but as a 
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guide in determining in a general way the dividing line between the use 
of high-tension fuses and oil breakers, the following tabulation of sub- 
station capacities on which fuses can be advantageously used is given, 
when automatic oil breakers are installed on the low-tension side. 


Peimaby 

Transpoemer 

Full Load Current 

Rated Capacity 

Voltage 

Capacity, 

Kv-a. 

Per Phase, of Fuses 

Amperes 

13,200 

1,000 

43.7 

200 

22,000 

1,000 

26.2 

130 

33,000 

1,000 

17.5 

90 

44,000 

1,000 

13.1 

65 

66,000 

1,000 

8.75 

45 



Fig. 5. — 1200-k:w. 33,000/2300-volt thebe-phase substation. 

High-tension three-pole air-break switch with choke coils, disconnecting switches 
and limit fuses in lightning-arrester circuit, electrolytic arresters, automatic high- 
tension oil switches and metering equipment in brick housing. Transformers are 
located under steel frame carrying high- and low-tension busses. 


SiNGLE-CIKCUIT SUBSTATIONS 


When but a single source of power is used, the substation is simplified 
by omitting one of the three-pole air-break switches shown in Fig, 3. 
A typical design having but one source of power is shown in Fig. 6' 

I A recent coal-mine installation made by Carl Schok, consulting engi- 
neer, for the Valier Coal Co., Chicago, and installed at Valier, 111., 
shown in Fig. 7, is of interest in that it is a complete electrical installation 
using transmitted power furnished by the Central Illinois Public Service 
company which operates an extensive interconnected system. The 
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incoming power line is dead ended to the steel tower and, by means of an 
overhead bus, taps are made to the arrester and load circuits. Three 
choke coils are so located that they offer a barrier to incoming lightning 
disturbances reflecting abnormal potentials to the arrester where they 
can be discharged. In the arrester circuit is a three-pole remote control 
disconnecting switch operated by means of a handle at ground level. 
Below the choke coils is installed a three-pole disconnecting switch of the 
same type used in the lightning-arrester circuit. Below this switch are 
three single-pole fuse mountings with fuses so rated that they will not 
blow except in case of transformer failure. The 33,000-volt primary 



Fig. 6. — Typical single circuit outdoor substation with large capacity 

TRANSFORMERS AT GROUND LEVEL. 


metering equipment is located below the fuses, the current and potential 
transformers together with the watthour meter and demand indicator 
being a self-contained unit. 

Just back of the main switching tower is Located a second steel 
structure affording space for. three 667-kv-a. 33, 000/2, 300-volt, 60-cycle, 
single-phase transformers connected in closed delta. Above the trans- 
formers are the high-tension busses with their supports; The 2300- volt 
circuit is carried into the building by means of lead-covered cables and 
connected to a five-panel switchboard. 

Panel 1 is equipped with a 2300- volt check meter and an automatic 
main oil circuit breaker. Prom this panel extends a 2300-volt bus located 
back of the other panels permitting connections to the various loads. 
Panel 2 controls the main underground feeder; panel 3 controls the 1350- 
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horsepower main hoist motor; panel 4 controls a 250-horsepower air- 
shaft motor; and panel 5 controls the machine-shop and yard-lighting 
line. Each panel is equipped with automatic oil switches and the neces- 
sary instruments. 

The underground cable from panel 2 terminates at a panel on which 
are mounted two automatic oil switches. The cable from one switch has 
a tap line to which are connected twenty underground substations; each 
station being equipped with three 25-kv-a. transformers and an oil 
switch. The feeder voltage of 2300 is transformed to 220 for use with 


Fig. 7. — Scholz stjb|tation. 

alternating-current coal-cutting machines. On the same feeder cable is 
connected a 300-kw. 2300/220-volt motor-generator set supplying direct 
current for the main haulage trolley. This motor-generator set also 
supplies current to twelve stations for charging the storage battery 
locomotives. The other switch and cable supplies power to a lOO kw. 
2300/220- volt motor-generator set for the main haulage direct-current 
trolley and also connects to twenty underground substations for supply- 
ing 220-volt alternating current to the coal-cutting machines. 

The 75-kw. underground substations are at more or less temporary 
locations so that equipment can be moved as the work progresses; thus 
avoiding long secondary runs and giving full voltage to the motors. 
Control of the 1350-horsepower hoist motor will be secured from the 
underground substation located near the base of the shaft. The operator; 
by means of switches and indicating devices, has positive control of the 
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Fig. 8. — Typical coal-mine transfobmek substation. Capacity: 4-333 ky-a., 66,000 volts. 
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Fig. 9 .— Typical coal-mine transformer substation. Capacity: 4-333 kv-a., 66,000 volts. 
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hoist and always knows its exact position. During March 25,000 tons 
of coal were mined at a power cost of approximately 6.5 c. per ton, 
the load factor on the station being 41.5 per cent. During this month, 
power was also used for construction work in progress so that the total 
cost of power for coal mined was 8.1 c. per ton. When the mine is in 
full operation and -construction completed, the cost per ton will probably 
approximate 4 c. or less. 


66,000-volt Substations 

The tendency toward higher transmission voltages has developed a 
need for 66,‘000-volt outdoor substations and the type shown in Figs. 
8 and 9 is a good example of an arrangement for coal-mining service. 

A feature of this type is the use of three transformers in closed 
delta on one side of the station and a spare transformer at the opposite 
side. In case one transformer fails the spare can by means of discon- 
necting switches be immediately placed in service and in the correct 
electrical relation to the other transformers. 

The high-tension side is controlled by means of a three-pole air- 
break switch operated from ground level. On the switch bases are 
also mounted choke coils and fuses for the load circuit. 

The lightning arresters are of the high-speed sphere-gap graded-re- 
sistance type with auxiliary gaps shunted with limit fuses. In case of 
excessive flow of current to ground the limit fuses will operate in the 
usual manner. The arrester, however, is still connected to the line 
across the small auxiliary gap. This arrangement eliminates the possi- 
bility of entirely disconnecting the arresters after operation of the 
limit fuses. 


DISCUSSION 

Graham Bright,* Pittsburgh, Pa. — ^It is ticklish business to meter 
on a high-voltage size. It not only costs considerable, but jhe metering 
equipment gets out of order and there are not many operators who like 
to attempt to correct troubles on the high voltages. This question of 
metering came up about a year ago in Philadelphia. We were putting 
in a plant with 66,000 volts on the primary and 6600 volts on the sec- 
ondary. On account of the diflBlculty of metering at 66,000, it was de- 
cided to meter on the secondary .side, so we obtained the transformer 
characteristics from the manufacturer and knew pretty well what the 
shape of the load curve would be; then it was comparatively simple to 
estimate the losses that occurred in the transformer and in the lines to 
the point where the metering equipment is estabhshed. It was easy to 
add these losses to the meter reading, so the power company did not 
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have to stand the transformer losses. Though the calculation of these 
losses may not be quite accurate, the results would be far more accurate 
than would, be obtained by attempting to meter on the high line. 

H. W. Young. — Metering on the low-tension side of outdoor sub- 
stations above 33,000 volts is standard practice, as the transformer losses 
are well known and can be taken into consideration when making the rate. 
Below 33,000 volts, we also often meter on the low-tension side but we find 
that a good many coal mines like the idea of primary metering, as they 
have not arrived at a definite understanding on what they consider a 
fair agreement with the power company as to the values of the trans- 
former losses. 

H. N. Eavenson,* Gary, W. Va. — It seems to me that carrying power 
underground is largely a question of cost. At our West Virginia mines 
we are putting in two 6600-volt underground substations. We are 
carrying the current over ground and putting it down through bore holes, 
because we have placed locations for the substation which can be reached 
by bore holes, 300 to 400 ft. deep. It is cheaper to do this than it would 
be to carry the current under groimd in a cable. In Kentucky, where 
we are developing a tract of about 1600 acres, the covering is very thick, 
and to reach a great many of the substation locations would require 
bore holes 1500 ft. or more in depth. There we are using three conduc- 
tor cables, which were insulated hi- thick, 30 per cent. Para rubber 
with double braid, weatherproof finish over the three conductors. This 
cable is for 6600 volts. The cable is being laid in a 3-in. and 4-in. fiber 
conduit, which is to be laid alongside of the heading and covered with 
• 3 to 6 in. of concrete. Manholes will be placed at intervals of about 
1500 ft., depending on the conditions and on the size of the cable used. 
This cable has not been installed, but work on it is just ready to start. 
It seems to me that the method of carrying the current depends upon the 
local conditions of the plant. 

H. W. Young. — ^That is a matter for consulting engineers to decide. 
The trouble experienced in transmission work has been largely due to 
the fact that it has not had the proper kind of engineermg to start with. 
In ten years’ experience, I have seen many installations where a good engi- 
neer could have saved the companies a great deal of loss and trouble. I 
did not know that you were using 6600 volts underground in the Ken- 
tucky fields but it is entirely practical. We are just putting in a 5000- 
kw. substation at Evanston, using 20,000-volt underground cable. 


* TJ. S. Coal & Coke Co. 
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Sulfur in the Coking Process 

BY S. W. PARE,* M. S., UEBANA, ILL. 

(Chicago Meeting, September, 1919) 

From a study of sulfur with reference to its specific combination in 
coal, published as University of Illinois Bulletin No. Ill, 1919, it is now 
possible to determine the various forms of this constituent with a good 
degree of accuracy. This fact suggests two questions: (1) Are the same 
analytic methods applicable to coke? (2) Is there any correlation be- 
tween the forms of sulfur as it occurs in coal and the residual sulfur found 
in the finished coke? The answer to the second question might be help- 
ful in answering a still further question as to what chemical route the 
sulfur travels during the carbonization process. While the special studies 
along these several lines are by no means complete, a few preliminary 
statements are herewith presented. They may, at least, prove suggestive 
of further possibilities from a continuation of research along these lines. 

There is no reason, chemically, why the analytic methods devised 
for coal should not apply to coke and a fair amount of experience in con- 
nection with such use affords confirmation of this statement. The pro- 
cedure in the case of coal may be briefly outlined as follows: 

Combinations of sulfur as sulfate, or sulfides other than FeS2, are 
readily dissolved without disturbing either the pyrite sulfur or the sulfur 
that is in organic combination by means of dilute hydrochloric acid — 
1 part of concentrated HCl to 10 parts of water or approximately 3 per 
cent. acid. Digestion at 60° C. for 24 hr. insures the complete removal 
of the sulfur thus combined. In freshly mined coal the amount of such 
suffur is very small; weathering processes, however, may very materially 
increase the amount of sulfate present. 

Sulfur in the form of iron pyrites, or marcasite, may be quantitatively 
removed without oxidation of the organic sulfur as follows: A dilute 
solution of nitric acid is prepared having 1 part of concentrated HNO3 
to 3 parts of water or. with an approximate specific gravity of 1.12. The 
coal sample, ground to 100 mesh, is digested with this solution at room 
temperature for 3 or 4 days, filtered and evaporated to dryness, taken 
up with water, and acidified with hydrochloric acid. It is now ready for 
precipitation with barium chloride in the usual manner. If sulfate is 
present in the original sample to an appreciable amount, it should be 
removed by the procedure outlined above. 

It is not necessary here to give the methods for determining the two 
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forms of organic sulfur as represented by the content of that element m 
the resinic and in the humic constituents. It is sufficient simply to note 
that the organic sulfur may be taken as the difference between the total 
sulfur and the inorganic sulfur, as found by the two processes just 
described. 

From this review of the methods devised for coal, it is evident that 
the same processes are equally applicable to coke. However, in applying 
them the interesting facts are developed that the sulfur in coke is not 
combined as sulfate nor is it present as sulfide in either the FeS or the 
FeS 2 form. Indeed it is easy to demonstrate, in the latter case, that the 
iron has been reduced to the metallic state, which removes the last 
possibility of the presence of sulfur in any inorganic form as we ordinarily 
understand that term. Since, in the carbonization process, the hydro- 
carbons have been broken down into volatile material and a so-called 
fixed carbon residue, it is apparent that the sulfur remaining in the coke 
must be in some sort of combination with carbon. Studies on the natmre, 
properties, behavior, etc. of this compound are now in progress. From 
Bulletin 111, already referred to, the sulfur thus combined is not affected 
by either hydrochloric or nitric acids and is stable at 1000° C., but is 
discharged from its combination by nascent hydrogen. 

It is evident, therefore, with the methods thus available for deter- 
mining the sulfur combinations in the original coal and then in the 
carbonized material, we have made substantial progress toward determin- 
ing the disposition of the various forms of sulfur under the application of 
heat. However, more data must be in hand before a final formulation 
can be made of the procedure followed by the sulfur in its various 
changes throughout the carbonization process. Tentatively, the follow- 
ing conclusions seem to be warranted, based mainly upon results that 
have accompanied our studies upon the low-temperature .carbonization 
process. In these experiments a uniform temperature is maintained 
throughout the mass at all stages. The products of decomposition, 
therefore, at these various stages afford a good index of the changes in- 
volved. Further, it is to be noted that the highest temperature to which 
any of the material is subjected does not exceed 750° or 800°. Secondary 
reactions are thus avoided. We seem therefore to be warranted in 
making the following statements: 

The order of procedure in the matter of liberation of sulfur from its 
initial comhinations is, first, the sulfur organically combined in both 
the resinic and the humic forms is broken down, part of it remaining 
in the tar oils as thiophens and part going with the fixed gases as HsS. 
Half of the sulfur of the FeS 2 is discharged practically at the same tem- 
perature as that for the breaking down of the organic sulfur. These 
reactions, for the most part, occur at temperatures below 500° C. As 
we approach 700° C., the final sulfur of the FeS is discharged, leaving 
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metallic iron and a carbon-sulfnr compound^ as already described. 
This compound is but little affected at higher temperatures, and practi- 
cally all this residual sulfur from the FeS is retained in the coke, even 
at the high temperatures of the regular processes, viz., 1000° 0. 

In the decomposition of the organic matter, the sulfur passing off 
with the fixed gases is in the form of H 2 S. Where CS 2 is formed, there- 
fore, it must be looked upon as a secondary reaction between the H 2 S 
and the highly heated carbon of the passageways through which the 
gases are discharged. In the low-temperature process, therefore, .where 
the maximum temperature of any part of the system does not exceed 
say 750° or 800° C. no carbon sulfide is formed in the residual gases. 

Again, as the organic sulfur and the half-sulfur of the FeS 2 are dis- 
charged at relatively low temperatures and as the carbon-sulfur compound 
that represents, in the main, the disposal of the remainder of the sulfur 
is stable at the higher temperatures of the ordinary coking process, it 
would seem as though a considerable zone of temperature exists wherein 
the decomposition would yield fixed gases free from sulfur. This has 
been amply verified, as may be seen by reference to analytical results 
published elsewhere in the symposium. 

This brief reference to some phases of the work already accomplished 
are suggestive of the possibility of developing further facts in these 
studies on sulfur, some of which may prove to be of industrial application. 

Summary 

The organic sulfur in the raw coal and half of the sulfur of FeS 2 
is for the most part discharged at relatively low temperatures. The 
presence of organic sulfur in the coal is not, in itself, responsible for 
the formation of CS 2 in the gases discharged from the high temperature 
coking process. 

Sulfur in any form, either free, in gaseous combination, or solid 
as FeS or *CaS, in contact with red-hot carbon is taken up by the latter 
as an independent compound, which is stable at the highest temperatures 
of the ordinary coking process. It is evident, therefore, that the mini- 
mum amount of sulfur available for retention by the coke is represented 
by one-half of the sulfurof the raw coal originally present as FeS 2 . Under 
certain conditions, the coke may add small increments by coming into 
contact at the higher temperatures with sulfur in any other form, either 
gaseous or solid, but a general line of deniarcation is indicated by one- 
half of the suhur of the FeS 2 present as indicated. 

DISCUSSION 

A. R. Powell, Urbana, 111.— You will probably notice that Professor 
Parr's paper deals with low-temperature work, heating the coal up to 
760° C. and determining the disposition of these different forms of sulfur 
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in the coal during coking, his conclusions being that in low-temperature 
coking all of the organic suKur is driven off and one-half of the pyritic 
sulfur. When coal is dumped into the ordinary byproduct coke oven, 
the temperature of that coal will quickly go up to the ordinary coking 
temperature, which in the 17-in. (43-cm.) retort will be 950° or 1000°, 
so we have not low-temperature conditions for any very great period 
of time. 

At the time that Professor Parr and I finished our work .on the deter- 
mination of forms of sulfur in coal, we immediately were interested in 
seeing how that behaved during the coking process. So we put some of 
the coal that had been analyzed for suKur forms in a platinum crucible 
and subjected it to a volatile-matter determination. In one coal in 
which the pyritic sulfur was 0.31 per cent, and the organic sulfur 0.77 
per cent., we obtained as residual sulfur 0.34 per cent. The residual sul- 
fur was therefore greater than the total amount of pyritic sulfur. It 
shows that, in that case, all of the organic sulfur was not driven ofif. 
Some of the organic sulfur is retained in the coke, probably due to a 
secondary reaction between the sulfur that was volatilized from the 
organic sulfur in the coal and the red-hot coking mass. 

To further prove that some of the organic sulfur of the coal is retained 
in the coke, we took a phenol extract of coal and evaporated off the phenol. 
The extracted material, which is organic material entirely and ashless, 
was coked in the same manner; about one-half of the sulfur -of that 
substance was left in the coke, proving very conclusively that at least 
some of the sulfur in the coke must come from the organic sulfur of the 
coal. It might be said- that these are simply theoretical results obtained 
in the laboratory, but one of the Koppers installations in this country 
gives results that indicate that, if the average of the sulfur determina- 
tions are taken for one month or several months, one-halt of the coal 
sulfur is retained in the coke. 

I have analyzed coals from this region and one-half of the sulfur in 
this coal is present as organic sulfur, the other half is pyritic. Therefore, 
it appeared that if half of the pyritic sulfur were volatilized, one-half of 
the organic suKur must volatilize and one-haK would remain behind in 
the doke. It is hard to judge how much suKur wiU remain in the coke, 
because a secondary reaction with other constituents of the coal enters 
into the question. 

H. C. PoRTEE, Philadelphia, Pa. — ^I would like to call attention briefly 
to the fact that it is very necessary, in any experiments on carbonization, 
to take carefully into consideration the temperature conditions through- 
out the carbonizing mass and surrounding it. I must take exception to 
the statement of the last speaker „that. in Ingh-temperature industrial car- 
bonizing processes, as in a coke oven, there is no low-temperature condi- 
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tion. There is a great deal of low-temperature carbonizing in a coke oven. 
It has been established that the coking process consists in the gradual 
contraction of a plastic layer or zone from the hot walls of the carbonizing 
chamber toward the interior, this plastic mass being at a temperature 
close to 400^ C.; also that the plastic zone moves rather slowly. In a 
coke oven, any given section of the coal charge remains in this plastic 
condition and at this comparatively low temperature probably for 2 hr. 
or more. At a distance of 3 in. from the hot wall, the coal is at a tempera- 
ture below 300° C. for 2 hr. after the charge is put in. 

The question of the conversion of the sulfur in coal into gaseous forms 
or fixed forms should either be studied on a scale approximating the 
commercial, or the experiments should be under well-controlled and well- 
determined temperature conditions throughout the mass. Carbonization 
takes place at gradually increasing temperatures, the first decoinposi- 
tion occurring at a very low temperature j therefore, the decomposition of 
the sulfur compounds should be studied first under low-temperature 
conditions. The plastic mass does increase in temperature, and there is 
some decomposition of the sulfur compounds very probably at high tem- 
peratures, but the first breaking-down process is at the lower temperatures. 

A. R. Powell. — ^In saying that this did not represent the low-tem- 
perature distillation conditions, perhaps I should have said that a great 
deal of the volatile matter given off in a coking oven comes out nearest 
the walls of the oven, in which case it goes into a zone of high tempera- 
tures. The sulfur that might be given off by low-temperature distilla- 
tion under those conditions is probably further absorbed by the high 
temperature at the exterior of the coking mass. 

W. H. Fulweiler, Philadelphia, Pa. — It has been always our under- 
standing that, in coking coal, there are probably three stages in the 
decomposition. The first takes place at about 400° C.; the second, 
probably in the range of 600 to 800°; and the third begins to be more 
apparent at temperatures around 900°. Just what effect, of course, this 
may have on the sulfur-bearing compounds, I do not know, but by in- 
ference we would not expect the sulfur hydrocarbons to be affected at 
this temperature. It would seem to me that the man who was trying 
to make sulfur-free gas should study not so much the hydrosulfide as the 
organic sulfur compounds, which seem to vary in percentage from 3 to 
possibly 9 or 10, They are the compounds that are going to be difficult 
to remove by any method that we know at the present time and if we are 
ever going to make a really sulfur-free gas, they will have to be solved. 

F. W. Sperr,* Jr., Pittsburgh, Pa. — ^Practically all the important 
conclusions of the paper appear to be demolished by the supplementary 
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discussion just presented. The title of the paper is misleading. The 
conclusions derived do not in any way apply to the coking process as any 
one understands the coking process. They simply apply to the low-tem- 
perature carbonization of coal and probably to a limited grade of coal 
which has been subjected to a somewhat peculiar treatment. As I 
understand Professor Parr’s method, he uses superheated steam to create 
a uniform temperature through the mass of coal. Reactions taking 
place in this medium of superheated steam might be profoundly affected 
by this very medium and it would be altogether unwise to transfer any 
conclusions that might be derived from experiments of this sort to the 
coking process as we understand it on a large scale. The methods used 
consist in the separation of pyrite, marcasite, and the sulfur derived from 
the resinic and humic matters of the coal. Farther on, the author says 
that he does not find any marcasite, pyrite, or sulfur derived from resinic 
material or from humic material, so where are we? In what way can 
we understand that the methods applied to coal have been successfully 
applied to coke? There is certainly a lack of facts to substantiate the 
conclusions derived. 

I question, also, the statement that there is no reason, chemically, 
why analytic methods devised for coal should not apply to coke. That 
needs a g]reat deal of proof. Taking a simple example, the determination 
of nitrogen in coke is not by any means as easy as in coal. 

The final conclusions are not at aU general in application. This whole 
proposition relating to the disposal of the organic sulfur is apt to be very 
misleading. One would naturally, in reading this paper, apply it to the 
coking process. As a matter of fact, organic sulfur is not so eas}’' to 
break down as it might appear. If it were true that all of the organic 
sulfur was dissipated in the coking process, we should have a very much 
greater reduction of sulfur in coke produced from washed coals than actu- 
ally occurs. Furthermore,' in the case of other materials, such as pitch 
and petroleum, which undoubtedly must contain large percentages of 
organic sulfur, the cokes produced have large percentages of sulfur. 
Cokes made from petroleum in the high-sulfur districts will run as high 
as 6 per cent, sulfur; cokes m£ide from high-sulfur pitch are often quite 
similar. There is not enough iron or other mineral matter to combine 
with the sulfur so that it must be an organic combination and derived 
from organic sulfur. 

I question the statement that all the iron goes to the metallic form. 
Until facts are produced to substantiate that statement, I do not think 
it should be accepted. 

Finally, in the coking process, the secondary reactions play an ex- 
tremely important part and must not be lost sight of in any attempt 
to produce a sulfur-free gas. These secondary actions must also be 
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taken into consideration when any attempt is made to figure out the 
original distribution of the sulfur. 

A. C. Fieldnbe, Pittsburgh, Pa. — Certain experiments^ made in 
the Bureau of Mines laboratory several years ago showed no metallic 
iron in ordinary metallurgical coke made in the beehive oven. Several 
samples of finely pulverized coke were submitted to the Bureau, which 
were said to contain metallic iron that was thought to be formed in 
the coking process. Examination showed the metallic iron to be present 
in the samples, but it was suspected that the chemist for the coke com- 
pany introduced the iron in his sampling process. He pulverized his 
samples on an iron bucking board. To investigate this possibility, some 
of his original lumps of coke were pulverized, at the Bureau, in a porcelain 
ball-mill containing flint pebbles; when this pulverized material was ex- 
amined no magnetic particles nor metallic iron were found. 

Ten other samples of coke from various sources were then sampled in 
duplicate, some in the ball-mill and the others on a chrome-steel bucking 
board. A large amount of magnetic particles was found in all the buck- 
ing-board samples and none was found in any of the ball-mi l l samples. 
The ash in the bucking-board samples was from 1.4 to 4.5 per cent, higher 
than in the ball-irdll samples, due to the presence of the metallic iron. 

In view of these results, lam inclined to doubt the presence of metallic 
iron in coke made by the ordinary method. It may be that metallic 
iron is formed from iron sulfide as an intermediate stage and that it is 
subsequently recombined at the higher temperatures that prevail near 
the end of the ordinary coking process. 

H. C. PoBTBE. — I am a little afraid my previous remarks might be 
interpreted as a defence of low-temperature carbonization as the only 
method for the study of this problem. That, however, was not my inten- 
tion. I merely wish to emphasize the need of simulating the true condi- 
tions of high-temperature commercial processes as closely as possible in 
experimental work. While in these, the carbonization begins at a low 
temperature, the volatile products pass through high-temperature 
zones, and the effect of secondary reactions at these higher temperatures 
must be carefully considered. The volatile products formed at the low 
and medium temperatures pass partly through the coke while carbonizing 
and probably more go by that route than close along the walls so that the 
effect of the hot carbonizing mass or the coke on the primary volatilized 
sulfur compounds is to be studied. 


1 Amo C. Meldner: Notes on the Sampling and Analysis of Coal. U. S. Bureau of 
Mines Tech. Paper 76 (1914) 65-57. 
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Commercial Recovery of Pyrite from Coal 

BT S. H. DAVIS,* BAXTER SPRINGS, KANS. 

(Chicago Meeting, September, 1919) 

The pyrites used in making sulfuric acid in the United States have 
been largely imported from Spain and Canada, the Spanish imports 
amounting to nearly 1,000,000 tons per annum in the pre-var period. 
The greatly increased use of sulfuric acid and the cutting off of these 
Spanish imports, incident to war conditions, brought about a threatened 
shortage of sulfur supplies during the war period. 

The bituminous-coal mines of certain districts have, for many years, 
furnished a small tonnage of pyrite in the form of coal brasses. A mechan- 
ical concentrator at Danville, 111., for a number of years, has been treat- 
ing hand-picked lump pyrite and coal from the picking belt and from the 
mines and a small plant near Gillespie, 111., for a few months has been 
recovering pyrite from washery refuse. Many mines throughout Illi- 
nois, Indiana, Western Kentucky, Ohio, and Pennsylvania have shipped 
an occasional car of the hand-cleaned lump pyrite. Only a very small 
percentage of the available pyrite has been recovered m this way, however, 
as usually the miners throw such lumps into the gob with slate and other 
impurities. It has been estimated that the western Indiana coal field 
could furnish more than 100,000 tons of pyrite per annum. The present 
production is very small. The possibility of furnishing the domestic 
trade with pyrites recovered as a byproduct from coal-mining operations 
appears attractive but there are certain features difficult to overcome. 

Pyrite, to be used in acid making, must meet with certain require- 
ments as to size and purity. Lump ore for grate burners should be under 
3 in. (7.6 cm.) and over 1 in. (2.5 cm.) in diameter. Fines for use in 
mecnanioal roasters should be under quarter mesh. The material should 
be high in sulfur, free from arsenic and phosphorus, and as low in carbon 
as possible. The pyrite obtained from coal can be made to meet aU the 
above requirements, but it is difficult to remove aU the carbon. The 
P3rrite in coal occurs as bands and nodules of varying thickness, and ‘size 
and of comparative purity, but mixed with this is more or less web sulfur. 
The web sulfur carries admixed coal, which may make the concen- 
trate run up to several per cent, carbon. This makes the concentrates 
subject to firing, causes heavy consumption of niter, and lowers the 
acid-plant capacity, due to dilution of gases. The hand-cleaning methods 
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and the present plants have failed to entirely overcome this, so that it ma^^ 
be necessary at the acid plant to mix this with other ore. 

A very large tonnage of pyrite is annually being thrown in the waste 
in the coal mines but there are certain difficulties in making this material 
available. Hoisting the crude pyrite from the coal mines means, in most 
instances, a serious handicap to the coal-mining operations; injury to the 
chutes and screens are met with, which necessitates separate loading 
facilities; and the miner must cooperate. These difficulties have not been 
overcome at most of the larger mines. In treating washery refuse, this 
difficulty is not met, but there are few washeries at which the refuse con- 
tains sufficient pyrite or where the refuse is in large enough quantity to 
make it attractive. 

The recovery of pyrite from coal will not meet with any great expan- 
sion, it is felt, so long as the Louisiana brimstone can be obtained at 
present or pre-war prices. The acid plant that uses pyrite must have a 
greater investment in burner and dust-settling equipment than where 
brimstone is used. It is true, however, that in certain locations farthest 
removed from the source of supply of brimstone and near the coal fields, 
coal pyrite can be advantageously used. 

DISCUSSION 

Edward Hart,*** Easton, Pa. (written discussionf) . — In 1895 I visited 
the chemical plant of the Messrs. Chance at Oldbury, England, under 
the guidance of Mr. France, the manager. In the stock house I saw a 
pile of coal brasses with adhering coal and said to Mr. France, ‘‘I should 
think you would get dark acid.” ''Yes,” he replied, "our acid has 
always been rather black and our customers have grown used to it. 
Some time ago we ran out of brasses and could get only Spanish pyrite. 
Our product became white and the customers began to complain, so I 
put a little sugar in each carboy.” 

E. A. Holbrook, { Pittsburgh, Pa. (written discussion§). — Mr. Davis 
says, "A very large tonnage of pyrite is annually being thrown in the waste 
in the coal mines of this country.” This quantity is much larger than is 
generally realized by people not intimately associated with coal mihing. 
At the beginning of the war this country seemed threatened with a short- 
age’^of pyrite. The U. S. Bureau of Mines conducted a general investiga- 
tion of the pyrite resources of the country in order to ascertain what 
material was commercially available. The general pyrite investigation 

* Professor of Chemical Engineering, Lafayette College. 

t Received Aug. 13. 1919. 

t Superintendent of Pittsburgh Station, U. S. Bureau of Mines. 

§ Published by permission of the Director of the Bureau of Mines. Received 
Aug. 30, 1919. 
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was in charge of H. A. Buehler, with the subsection on coal pyrite in charge 
of E, A. Holbrook. 

In May, a conference of State Geologists, the Bureau of Mines, and a 
representative of the U. S. Geological Survey, was held at Urbana. Those 
present included Messrs. Buehler and Holbrook of the Bureau, P. M. 
Smith of the U. S. Geological Survey, and representatives from the State 
Geological Surveys of Iowa, Missouri, Tennessee, Illinois, Indiana, Ohio, 
West Virginia, and Pennsylvania. It was decided that each State Sur- 
vey should send out a field man in its own state and that he should visit, 
so far as possible, each bituminous coal mine in his state; he should 
actually go to the working faces underground and there, by measure- 
ment, make an estimate of the amount of pyrite available through the 
mining of the coal. The conference visited a coal mine near Danville, 
111., and while there adopted a common method of sampling and estimat- 
ing the pyrite. Briefly, several sections were to be measured underground 
at the face of each mine. The average thickness of pyrite in the seam 
was to be noted and multiplied by three. Thus the assumption was 
made that the pyrite was three times as heavy as the coal, a very close 
approximation. If for any reason estimations of pyrite had to be made 
from amounts already mined, proper allowance should be made for coal 
adhering to pure pyrite nodules. A standard report form was adopted. 

The Bureau of Mines agreed to keep a chemist at Urbana to whom the 
various State Geological Survey field men might frequently send samples 
of pyrite for sulfur analysis, to determine uniformly the grade of the 
various coal pyrite occurrences. It was arranged that Mr. Holbrook 
should visit each of the working field men and cooperate wherever possible 
in securing uniformity of work and quick results. The Bureau also agreed 
to run mill tests on ton lots of crude coal pyrite which might be submitted 
in anticipation of a commercial plant working on the specific pyrite 
tested. A list of the tests run by the Bureau on this work is given here. 


List of Coal Pyrite Tests Made and Reported on by Middle 
West Station, U. S. Bureau of Mines, Feb. 1™Nov. 1, 1918 

Tbsts 


1. Picking belt refuse from Middle Forks Mine, Benton, 111 

2. Washery refuse from Middle Forks Mine, Benton, 111 

3. Washery refuse from Gillespie, 111 

4. Crude coal pyrite from No, 3 seam, Indiana 

5. Crude coal pyrite from No. 5 seam, Indiana 

6. Crude coal pyrite from No. 6 seam, Indiana 

T.^Crude coal pyrite from Earlington, West Kentucky 

8. "*Washery refuse from Earlington, West Kentucky 

9. Washery refuse, Southern Coal Coke Co., East St. Louis, HI 

10. ^ Crude coal pyrite from Mulberry, Kans 

11. Washery refuse, Keota, Missouri 

12. Crude coal pyrite from New Philadelphia, Ohio 


5 

3 

2 

2 


2 
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Tests 

13. Crude coal pyrite from Mines of Bon Air Coal and Coke Corporation — 

14. Bon Air, Tennessee 

15. Waskery refuse from Saginaw, Michigan 

16. Crude coal pyrite from Sunfield, Illinois 

17. Washery refuse from Tyler, Pa 2 

18. Crude coal pyrite from Winburne, Pa 

About 70 per cent, of these tests were successful and indicated that a 
commercial grade of pyrite could be easily concentrated and recovered 
from the crude material submitted. 

During the summer, Hi F. Yancey, assistant chemist at the Urbana 
station, analyzed for sulfur several hundred samples of pyrite submitted 
by the field men; many of these samples were also analyzed for arsenic, 
carbon, and phosphorus. Results of this chemical work have been com- 
piled and will shortly appear as an article in the technical press. The 
results of the general tests at Urbana just noted have in each case been 
sent to the men interested, and at present are being worked into a bulle- 
tin on this subject which will be accompanied by the detailed summary 
and estimates of the work of the field men from each state. In addition 
to the states already noted, some work was done by the Bureau in the 
Kansas, Michigan, and Kentucky coal fields. . The State of West Virginia 
did not cooperate because the Consolidated Coal Co. of ‘Fairmont, W. 
Va,, had already gathered statistics on coal pyrite in that state and had 
erected a sulfuric-acid plant at Fairmont for coal-pyrite utilization. Con- 
sequently, we have no knowledge of the quantity or purity of the coal 
pyrite in West Virginia. 

Following is a summary of the estimated possible early production of 
coal pyrite in all of the principal coal-mining states of the East. This 
summary is based only on pyrite that can be recovered with purity 
in sulfur of more than 40 per cent., and including only mines that could 
produce 1 per cent, or more of their coal production as coal pyrite. It 
would be fair to assume that this production could be obtained provided 
a price of 20 c. per unit on a basis of 40 per cent, sulfur could be made 
for this material f.o.b. at the mines. 


Tons Per Year 


1. Kansas 125,000 

2. Missouri 175,000 

3. Iowa 140,000 

4. niinois 238,000 

5. Indiana 250,000 


Total possible for Eastern coal fields 


Tons Per Year 


6. Kentucky 25,000 

7. Tennessee 56,000 

8. Michigan 12,000 

9. Ohio 235,000 

10. Pennsylvania 200,000 


1,456,000 tons pyrite per year. 


While the early close of the war and the unexpected developments of 
the sulfur fields of Louisiana and Texas stopped any general progress 
toward the utilization of this vast yearly possible supply, the knowl- 
edge that it is available at any time of future need makes this country 
independent of foreign sources of pyrite. 
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Low-sulfur Coal in Illinois 

BY GIIBEET H. CADY,* TTEBANA, ILL. 

(Chicago Meeting, September, 1919) 

Extensive sampling of coal in Illinois during the past 10 or 12 years 
by the State Geological Survey, in cooperation with various organizations, 
such as the U. S. Bureau of Mines, the University of Illinois, and the Illinois 
Cooperative Mining Investigations, has made possible the delineation 
of two areas of low-sulfur coal in the southern part of Illinois. The 
sulfur content is less than 1.25 per cent., so that, if otherwise suitable, these 
coals can be employed for metallurgical uses and for the manufacture 
of water-gas and retort gas. One of these areas is small and lies in Jack- 
son County, near Murphysboro, the other is much larger and includes a 
large part of the famous Franklin County field. 

A small area. of No. 2, or Murphysboro, coal has been worked for 
many years near the town of Murphysboro, Jackson County, 111. In 
two mines, at least, the coal has a sulfur content of less than 1.25 per 
cent. It is doubtful, however, whether this field wUl ever be a source 
of large tonnage as the total area underlain by low-sulfur coal in workable 
thickness is probably less than 15 sq. mi. (24.14 sq. km.), and a large 
part of it has already been worked out. 

The location of the area of low-sulfur coal in the Franklin County 
field is shown in the accompanying map. The small area underlain 
by the Murphysboro low-sulfur coal is shown near the town of that name 
in the central part of Jackson Coimty. The larger area lies in the west 
side of Franklin County, extending also about 6 mi. (9.65 km.) south 
into Williamson County, about 4 mi. (6.43 km.) west into northern 
Jackson and western Perry County, and northward an undetermined dis- 
tance into Jefferson County. All but the northern limit of the area 
is fairly well defined by sampling in numerous mines. The inner 
cross-lined area is underlain by coal having less than 1 per cent, sulfur, 
thei outer boundary surrounding the area underlain by coal having less 
than 1.25 per cent, sulfur. 

The coal mined in the district is No. 6 or Herrin coal, commonly 
known as the Garterville or Franklin County coal . The bed has a thickness 
varying from about 8 ft. (2.4 m.) on the border of the low-sulfur area up 
to more than 10 ft. (3 m.) in the central portion, locally having a thick- 
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ness of 14 to 15 ft. (4.2 to 4.5 m.). The sulfur content, in general, de- 
creases as the thickness of the coal increases. 

Another peculiarity is the variation in the character of the roof that 
accompanies the variation in thickness. Near and beyond the border 
of the low-sulfur area there is a limestone cap-rock within about 25 ft. 
(7.6 m.) of the bed, but in the central part of the area the cap-rock is 
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her absent or at a much greater height above the coai.^ This relation- 
ip between the roof rock, the thickness of the coal, and the amount of 
ifur present seems to hold consistently throughout the field. There 
a decrease in the interval between No. 6 and No. 5 coals and an 
the interval between No. 6 and No. 9 coals operating 
V across Franklin County field the same as the decrease in 
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the sulfur content. These stratigraphic variations accompanying the 
chemical variation make it possible to esti m ate roughly the character 
of the coal even from drill records and to determine the approximate 
extension of the low-sulfur field in areas not yet mined. 

DISCUSSION 

R. D. Hall,* New York, N. Y. — ^How does the amount of moisture 
in that coal compare with other Illinois coal? 

F. W. DeWolp, t Urbana, 111. — It is intermediate or a little bit below 
the average in moisture, but it is in no sense our lowest moisture coal. 
The No. 5 bed, principally in the Harrisburg district, is noticeably 
lower in moisture, and on the “as received” basis, wiU commonly run 
as low as 5 per cent. ; I am not sure that the commercial output would 
run as low as that. In contrast, the Franklin-Williamson Co. coal, 
while varying from place to place, will average near 9 per cent., and the 
coal of the Northern or longwall field, up around LaSalle, will run 15 per 
cent. ; 1 am speaking entirely from memory. 

L. V. Rice, Chicago, 111. — Is a distinction made between the sulfate 
sulfur and the pyrite in the beds in figuring the total quantity of the 
sulfur and the original? There is, I believe, more or less banding of 
pyrite. Is it believed that that comes from above? 

F. W. DeWolp. — I must refer you to the author for an answer to 
that question. In general, that sulfur to which I referred occurs as 
isolated nodules or as thin bands and binders in the coal. There is also, 
along the vertical cleavage bands in the coal, some gypsum; in other 
places, some calcite. In the ordinary determination of sulfur, the result 
includes sulfur present as sulfate, but I think the bulk of it is pyrite or 
marcasite in the form of nuggets, bands, or disseminated as tiny specks 
in the body of the coal. 

S. A. Taylob, Pittsburgh, Pa. — Has it been the experience of the 
men here that with the shale roof you find lower sulfur coal and with the 
solid rock roof you find higher sulfur coals? 

C. W. Smith, Chicago, 111. — It seems to me that the shale thickens 
in this district. Going up on the anticline, the roof of this coal consists 
of a black shale overlain with a cap. Going down the anticline, there 
is a gray shale that thickens. In the basin this shale is lost but there 
is from 80 to 90 and sometimes 110 ft. of gray shale between the limestone 
and the coal. In the mines along the anticline, this gray shale thickens 
and comes in there. The sulfur in the coal gets less as the shale thickens 


* Associate Editor, Cool Age. t CWefi State Geological Survey. 
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until a certain point of the anticline is reached where there is a shale 
roof and no limestone in the formations above the coal, but the sulfur 
increases as you go east. It does not seem to bear any particular relation 
to the shale roof on the east side but it does on the west. 

S. A. Taylok. — Do you remember the conditions of the body roof 
with regard to the seam? 

F, W. DeWolf. — ^Above that shale, there is, in the area to the east, 
a heavy sandstone 30 or 40 ft. thick; in the area described by Mr. Cady, 
I believe the character of beds above the shale varies from shale and sandy 
shale to sandstone. 

C. W. Smith. — ^Do you know anything about the sulfur content, 
whether the roof is shale or whether it is sandstone in that seam? It 
seems that the shale is of a more sandy nature with the sulfur content 
high than where it is low. • 

F. W. DeWolf. — I do not. 

L. V. Rice. — Has the Illinois Survey come to a conclusion whether, 
in these continuous bands you have found in certain localities of Illinois, 
the metallic pyrite was deposited at the time of formation of the bed 
or subsequently? 

F. W. DeWolf. — Unless the answer to that question is contained in 
the paper, I am afraid we have no answer for it. Mr. Cady has been 
working on this matter for the last 2 or 3 years and it has not been the 
function of any of the rest of us to speculate on that. My impression 
is that it is a radical view to hold that those bands, which are interstrati- 
fied with the coal and apparently have marked persistence, have been 
introduced in a secondary way through a pervious roof. Unless Mr. 
Cady has reached such a conclusion in his paper, I should say the chances 
are against it. 

C. W. Smith. — This seam, in the southern part, seems to bear out 
the statement that the sulfur varies in different parts of the seam. The 
sulfur here seems to be mostly in the top coal, where a large part of it 
seems to be in vertical seams developed on the cleavage faces in the coal. 
That would seem to lend some color to the theory, of the secondary de- 
position of the sulfur in the seam, but it is alike under a lime roof or under 
a shale roof. 

R. D. Hall. — I do not know much about the geology of Illinois, but 
as I have been thinking I remembered that the Big Muddy region had 
been subject to some faulting and thought that the resulting heat 
may have accounted for the low percentage of sulfur in some of the coals 
of that section. But knowing that the Franklin County field is quite 
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flat, I cannot thus account for the low percentage of sulfur found in that 
field. There may be earth Uiovements of which we know nothing, and if 
so, we might find evidence of it in the moisture content. 

F. W. DbWolf. — -Was it your thought that where there had been 
faulting, there would be a higher moisture content? 

R. D. Hall. — ^No; I would expect a lower percentage of moisture. 

F. W. DeWolf. — The facts partly bear out the theory and partly 
contradict it. The most faulting is in the Saline and Gallatin Co. 
fields, where there are the lowest moisture and the highest sulfur contents. 
The area of low-sulfur coal described by Mr. Cady seems not to have 
been notably faulted or compressed. 

C. W. Smith. — It seems that the Franklin Co. field roughly follows 
the Duquoin anticline, but whether it is possible to draw any parallel 
between that fact and Mr. Hall’s theory is a question. The lowest sulfur 
coal seems to be the closest to the Duquoin anticline. As you go east, 
the sulfur gets higher. As you go up on top of the anticline, it also gets 
higher. 

The Chaibman (H. H. Stoek, Urbana, HI.). — ^Is not the low-sulfur 
coal found practically in an elliptical space with the higher sulfur coal all 
around it? 

C. W. Smith. — It is, but the lowest sulfur is right next to the anticline 
and it gradually becomes higher toward the east. 

Homeb T. Dablington, Natrona, Pa. — I went into Clearfield, Pa., 
to get some of this sulfur that is so troublesome. I said to a mine fore- 
man, “ Have you any sulfur? ” He said, “Not a bit. It is aU on the nail 
heads down there.” I was interested in getting coal pyrite for the manu- 
facture of , sulfuric acid, which requires that the pyrite be of a size that 
can be handled by hand, which it would pay to pick from the coal. We 
found that the sulfur balls of a commercial character came from the seams 
where the lowest sulfur coal was. It is of particular interest to the acid 
manufacturers of the country. ■ Pyrite from coal, as you know, in different 
localities, is called sulfur balls, nigger heads, and coal brasses. 

Marcasite has been used probably for the last 30 years in the manu- 
facture, of sulfuric acid. I believe that the first pyrite for the manu- 
facture of sulfuric acid came from the new Philadelphia field. It comes 
in a consistent band from 1 in. to in. thick, halfway up the face of the 
coal, not in the roof and not in the foot of the coal. That band breaks 
very clean from the coal and the pyrite, as shipped, probably lists less 
than 2, per cent, carbon. • A great many thousands of tons of sulfuric 
acid are made from the pyrite of that particular coal. In Clearfield 
County, Pennsylvania, and adjoining districts, the coal pyrites shipped 
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for the manufacture of sulfuric acid have appeared as lenses in the coal, 
generally, I might say, from the bottom of the coal. In one run, 1 ft. of 
coal averages 60 per cent, pyrite. That would mean it would run 25 per 
cent, sulfur, approximately. This bottom foot of coal is not mined. 
The pyrite in the Illinois field is very similar, I think, to that in Clearfield 
County. I would say that the Illinois field I am familiar with is in the 
Danville district. 

The pyrite in the Southern Indiana field, very thoroughly investigated 
by the Bureau of Mines and the State Geological Survey of Illinois, 
showed sulfur balls occurring not only in the coal but in the roof and in the 
clay or the foot of the coal. Some of these sulfur balls weigh several 
hundred pounds. In the Illinois field, the sulfur balls are almost pure 
when the coal is broken from them. In Southern Indiana, the sulfur 
balls from the roof often have large crystals of calcite in the center ; some 
of those are 1 in. in length. I have found some from Pennsylvania that 
analyzed as high as 62 per cent, sulfur, which is practically pure pyrite. 

Reinhardt Thiessen, Pittsburgh, Pa. — When somebody asked the 
question why sulfur existed to a larger extent in some parts of the seam 
than in others, it occurred to me that it would be of a very great benefit 
if those interested knew the constitution of coal better. The publica- 
tions prepared by the Bureau of Mines on that subject are still on the 
press but will be out in a relatively short time. A knowledge of the com- 
position of coal would give a clearer understanding of the distribution of 
the different constituents. In general, a large part of the coal is com- 
posed of that part of the plants which at one time was wood. We can 
still see the woody parts in the coal. In between these strips we find 
an attritioned matter, a matter that has been degraded into a finely 
divided matter. Some coal seams are composed almost entirely of 
attrition matter; others almost entirely of woody matter. Some coals, 
like the coal from Shelbyville, for example, from Bed No. 2, are composed 
almost of 60 per cent, of spore-xines. Why? 

C. H. MacDowell, Chicago, 111. — ^With regard to the manufacture of 
sulfuric acid from coal brasses, the lUin’ois University did some good 
research work in the way of removing carbon from pyrites in coal, and 
the result of their work was published in pamphlet form. The Bureau of 
Mines took up the matter with coal producers and the Chemicals Com- 
mittee of the War Industries Board prepared a list of sulfuric acid manu- 
facturers which it sent to coal miners, endeavoring to interest the coal 
miners of the Middle West in the production of pyrite and marcasite. 
The labor situation and other perplexities did not permit much to be 
accomplished. It is necessary, in order to receive a full production of sul- 
furic acid from a plant burning coal brasses, to remove the carbon as far 
as possible. If this is not done, production falls off and a much. larger 
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percentage of nitric acid is consumed. Now that peace has come, there 
should be a good market for a well-cleaned coal pyrite and the coal 
operators should give this matter -thought. 

Pyrites are burned both in lump and as fineS; Unfortunately, at 
the moment, many of the Mid-Western plants are equipped to burn 
lump ore and the larger part of the production from coal would come as 
fines. At the moment much sulfuric acid is produced from suKur. 
It is figured that an acid manufacturer can pay 4 to 5 cents a unit more 
for sulfur than for pyrites on account of the saving in labor, bigger yields, 
and lower niter consumption. 

H. T. Darlington. — The so-called coal pyrites contain from 15 to 
20 per cent, carbon. In the sulfuric-acid plant, there are two kinds of 
ore that will pass through a 3-in. screen. There is also fine ore burned 
that will entirely pass through a M-in. screen. There are a great many 
lump-ore burning plants. Lump-coal pyrites from Central Pennsyl- 
vania and New Philadelphia field, Ohio, will contain less than 3 per cent, 
carbon. 

It is impossible to burn as much coal pyrites in a kiln as it is true 
pyrites, or pyrites free* from coal, for the coal, in burning, produces so 
much heat that if a large charge is added to the furnace it will melt the 
pyrite. In the crushing of this coal P 3 U’ite, material that goes through 
the screen contains a large part of the coal. I have never known of any 
commercial use of this coal pyrite prior to the work done by the Bureau 
of Mines. I understand a number of coal-washing plants have since taken 
up the washing of coal pyrites and the reduction of coal pyrites with a 
low carbon content. 

If one were to attempt to concentrate coal pyrites directly from the 
m‘ne for sulfuric-acid manufacture, the concentrate would be rather 
h’gh in carbon. If, however, the pyrite is allowed to weather, the coal 
will easily separate; it can be easily separated with a coal washer. Fines 
can be produced of a very high grade, free from carbon, and are com- 
mercially burned today in a number of sulfuric-acid plants. The prac- 
tice is so rapidly changing that one cannot tell, from day to day, what 
the practice is going to be a month from now and a great many of the 
Eastern sulfuric-acid producers have not given much attention to this 
material. , There are in Pennsylvania possibilities of the production of 
fines in excess of 60,000 tons a year. The possibilities of lump-coal 
pyrites is probably less. The coal pyrites coming on the market are 
largely from Illinois, Indiana, Ohio, and some from Tennessee. 

C. H. Macdowell. — One of the reasons for reduced capacity in 
burning coal pyrite for the making of acid is the dilutir g effect of CO 2 
in the plant, as well as the difficulty of temperature control and increased 
niter consumption. 
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F. W. Ghat,* St. Anne de Bellevue, P. Q., Canada. — In Nova Scotia 
there is a large submarine coal field. The coal lies in a basin, on the 
edges of which the ash content and theeulfur content of the coal are very- 
much higher than in the center. It has always seemed to me that the 
method of deposition of the original constituents which formed the coal 
had an important bearing on the percentage of sulfur. In the center of 
the field, where the coal seams are thick, they contain, as a rule, much 
less sulfur than on the sides of the basin where they are thinner. In one 
instance the roof coal is so high in sulfur that 6 in. of the coal is left; the 
bottom portion of the seam also is high in sulfur and the center of the 
seam is fairly good. Six or seven seams occur in a depth of possibly 
1200 ft. These seams vary in thickness and also in sulfur content and 
there seems to be no particular reason for this. The Phalen seam is a 
very good coking coal and contains a low percentage of sulfur. The 
seam below it, which is about 4 ft. 6 in. thick, contains a much higher 
percentage of sulfur, and I can trace no relation between any geological 
position of the seams and the percentage of sulfur present. 


* Editor, Iron and Steel of Canada. 
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Low-sulfur Coal in Pennsylvania 

BY H. M. AND T. M. CHANCE,* PHILADELPHIA, PA. 

(Chicago Meeting, September, 1919) 

The term “low-sulfur coal,” as used in this discussion, is limited to 
coals containing less, or very little more, than 1 per cent, sulfur. For 
certain purposes it might be advantageous to include coals that contain 
as much as 1.25 per cent, sulfur, because such coals have been- considered 
as available for making metallurgic coke of fair grade; but the same rea- 
soning might apply to coals containing as much as per cent, sulfur, 
if facilities exist for utilizing such coal by admixture with coal containing 
less sulfur. 

In Pennsylvania, it is hot possible to define the exact geographic 
limits ‘of the areas in which coals relatively low in sulfur exist, because 
variations in the percentage of sulfur occur irregularly and often abruptly. 
It is not uncommon to find areas, more or less circumscribed in extent, 
in which the coal is relatively high in sulfur although aU the surrounding 
territory contains low-sulfur coal; and, similarly, small areas of low-sul- 
fur coal exist in districts where the coal is normally high in sulfur. These 
generalizations apply, with few exceptions, to the whole area underlaid 
with bituipinous coal in the State of Pennsylvania, and also to each of 
the individual beds of coal in this state. 

Pennsylvania is poorly supplied with coals of the low-sulfur class. 
We find, however, as an offset to this condition, very large areas in 
which coal ranging from 1 to 2K per cent, sulfur exists in beds of good 
workable thickness. This coal, by washing, can be reduced in sulfur 
low enough to make coke of a high grade. While a considerable tonnage 
of workable low-sulfur coal remains in the Pennsylvania bituminous dis- 
tricts, it has been necessary to turn to the areas of higher sulfur coal for 
the supply of metallurgical coke'. This utilization of the higher sulfur 
areas has been made possible either by washing or by selective mining. 

Washing.— Fiae crushing of the entire feed is not generally necessary 
to the successful washing of Pennsylvania coals. This is due to the fact 
that the pyrite is rarely finely and uniformly disseminated -throughout 
the coal but is usually confined to high-sulfur benches in the bed or to 
concentrations on the cleavage planes of the coal. Hence, by graded 
crushing and sizing' it is frequently possible to at once reclaim those por- 
tions of the coal bed containing coal that is relatively free from pyrite. 


* Consulting Mining Engineers. 
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This is especially true of coals that contain concretions of pyrite^ or 
“sulfur balls,” and these are often amenable to treatment by mechanical 
cleaners, such as the Bradford breaker, without recourse to washing. 
In those cases in which a sulfur content approaching 3 per cent, is caused 
by finely divided pyrite uniformly disseminated throughout the coal bed, 
it is practically impossible to produce a coal of low-sulfur grade by wash- 
ing or mechanical preparation; and these coals, when washed, must still 
be mixed with relatively lower sulfur coal if metallurgical coke of high 
grade is to be made. 

A careful study should always be made of the physical occurrence 
and distribution of the pyrite to determine in advance the possibility 
of improvement by washing. The present tendency is toward doing 
away with "close sizing unless this is essential to satisfactory reduction 
in ash. Many of the difficulties presented by the sludge problem can be 
eliminated by graded washing. There are many cases in which the wash- 
ing of large-size coal, comparable to the jigging of stove and egg anthra- 
cite, may yield a product of low-sulfur grade, .in which case the unwashed 
fine coal, or slack, containing the pyrite freed from the joint planes of 
the coal, may be utilized as steam coal, or may be washed separately, ' 
with or without crushing to smaller size. The adoption of this method, 
by avoiding crushing down of aU the coal, reduces the quantity of fine 
coal and sludge to a minimum. 

Selective Mining . — The intensive mining of large coal areas, in what 
have commonly been regarded as low-sulfur districts, has conclusively 
demonstrated the necessity of thorough exploration in each particular 
field before reliance can be placed in any estimate of average sulfur con- 
tent. In localities where the coal is under considerable cover, a few 
low-sulfur drill cores have, at times, been the sole evidence on which 
the success or failure of large-scale mining operations has been predi- 
cated; and even where miles of outcrop are accessible, the exploratory 
work undertaken to prove the existence of low-sulfur coal has too often 
been confined to work too close to the outcrop to afford reliable data as 
to the sulfur content of the unweathered coal. 

It should be remembered that a diamond-drill hole may penetrate a 
portion of the coal that is far below (or above) the normal in sulfur con- 
tent. This is more especially true in fields in which the pyrite is concen- 
trated in parts of the bed or in lenticular masses than in those in which 
a more uniform dissemination exists. In several cases operating colli- 
eries that were considered to have a long future as producers of low-sul- 
fur coal have been forced to wash or to mechanically prepare their coal 
after extensive mine development or other exploration had proved the 
non-existence of large and continuous areas of coal of this grade. We 
believe that no dependence should be placed on the supposed existence 
of low-sulfur coal over any large area in Pennsylvania, unless there has 
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been a systematic exploratory campaign of sufficient scope to preclude 
the inadvertent inclusion of any considerable area of high-sulfur coal. 
Such explorations should combine, if possible, outcrop development and 
drilling, the latter being laid out in as regular and methodical a manner 
as practicable. We cannot too strongly emphasize the fact that the 
regional low-sulfur characteristics of many West Virginia districts find 
practically no parallels in the coals remaining to be mined in Peimsyl- 
vania and that, therefore, a far greater amount of precise data is required 
in determining the sulfur content of the Pennsylvania coals. 

The low-sulfur districts that exist in the Pennsylvania coals are 
generally areas that contain islands of low-sulfiu coal surrounded by coal 
of higher sulfur content. These islands are comparable to the ore chutes 
in metalliferous veins and may extend for several miles. They are, how- 
ever, quite .frequently small and of irregular outline, and it is within such 
areas that selective mining has generally been practised. In such a 
region, it may happen that one room out of every two or three will 
produce coal of low-sulfur content, so that the coal coming from the low- 
sulfur rooms can be separately shipped or utilized by coking as low-sul- 
fur fuel. Obviously, such a mine may be classed as either a high or 
low-sulfur operation, depending on which grade of coal is in the 
preponderance. 

We have discussed these correlated questions of washing and of 
selective mining because we believe that the future of metallurgical fuel 
production in Pennsylvania is inseparably bound to them. In many 
instances washing of the whole colliery output may be avoided by careful 
selection in mining, selective either as to portions of the coal bed itself 
or as to districts in the mine. In some cases where selective mining is 
practised as the method best adapted to the conditions, the output of low- 
sulfur coal may be increased by the washing of the high-sulfur coal, which 
otherwise would be sold for use as steam fuel. This discussion is not 
intended to include the anthracite districts, because the anthracite of 
Pennsylvania is almost always very low in its sulfur contents. 

It may perhaps be best to commence by describing the character of the 
coal of the several beds of the bituminous-coal series, commencing at the 
base of the coal measures with the Sharon coal bed and proceeding up 
through the series to the Washington coal bed near the top of the upper 
productive coal measures, and having described the individual beds 
separately, it may then be of interest to take up the principal coal-naining 
districts and attempt to define the areas in which low-sulfur coal exists. 

Coal Beds of the Conglomerate Series 

Sharon Coal Bed . — This coal bed, lying at the base of the conglomerate 
measures, is the lowest coal bed of the bituminous-coal series in Pennsyl- 
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vania. It is workable in Mercer and Lawrence Counties, and in a few 
other localities small areas tif it have been found. It is almost always low 
in both sulfur and ash, but is not continuously workable over any large 
area. It is probably identical with what is known as the “Block” 
coal of Ohio and Indiana, where it has been largely worked under the 
names “Youngstown Block” and “Brazil Block.” It seems to exist in 
pockets and is thought to have been formed in swamps. It is not avail- 
able as a large source of supply. 

Mercer Coal Beds. — ^These two coal beds are rarely of workable thick- 
ness but are valuable in parts of Beaver, Lawrence, Mercer, Crawford, 
and a few other counties. Occasionally they contain coal low in sulfur 
but this is not usually characteristic of coal from either of these two beds. 
These coal beds are within the conglomerate measures, underlying the 
Homewood sandstone, or top member of the Conglomerate Series in 
Western Pennsylvania — the old “No. XII” of the Pennsylvania Geological 
Survey. 

Coal Beds op the Lowee Peodtjctivb Seeies 

Brooknlle Coal, Coal Bed A . — This coal is one of the most persistent 
coal seams of the lower productive coal measures and is of workable size 
over relatively large areas. It is not usually a bed of superior quality, 
and is often bi gb in both ash and sulfur contents. Very few areas have 
been developed in which this bed produces coal low in sulfur. In some 
cases where low-sulfur coal is claimed for this bed, it is questionable 
whether the bed mined may not in fact be either the Clarion or Lower 
Eittanning coal bed. 

Clarion Coed, Coal Bed A '. — :This coal bed is rarely of workable thick- 
ness or quality in the counties lying along the eastern borders of the bitu- 
minous-coal district in Pennsylvania, and although coal of fair thickness 
and relatively good quality is thought to be mined from this coal bed, it is 
possible that the coal mined may in fact be the Lower Eittanning coal, 
coal bed B. In the western counties of Pennsylvania, especially in the 
counties adjacent to Clarion County (where this coal bed was first recog- 
nized and named) it is usually thin, but is persistent as a workable seam 
over large areas and occasionally furnishes coal low in sulfur. The areas 
producing coal of this latter grade are, however, circumscribed and 
unimportant. 

Lower Kittanning Coal, Coal Bed B. — This is perhaps the most impor- 
tant coal bed of the lower productive coal measure in Pennsylvania. It 
is of workable thickness in parts of every county in which it lies above 
water level. It ranges in thickness from 3 ft. (0.9 m.) up to about 
or 7 ft. (1.9 to 2.1 m.) averaging perhaps 4 ft. (1.2 m.). Its quality varies 
greatly and in comparatively short, distances. It furnishes low-sulfur 
coal of very high grade in parts of Cambria and Somerset Counties 
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and supposedly in Tioga and Bradford Counties, but the identity of 
the coal as bed B in these two counties is not positively proved. In 
Somerset and Cambria Counties (and in a part of Indiana County) it is 
known as the “Miller” seam, and is renowned as a “smokeless” coal of 
high grade, being low in both sulfur and ash. 

With the exception of these districts coal from this bed is usually 
rather high in suKur; and in districts even immediately adjacent to those 
in which the low-sulfur coal is found, the bed is often relatively high in 
sulfur. Increase in the quantity of sulfur is usually accompanied by a 
marked increase in the percentage of ash, and also in the slate and other 
partings that contribute to increase the percentage of ash in the coal as 
shipped. 

Middle Kittanning Coal, Coal Bed C. — This coal bed, while a persistent 
member of the coal series, is rarely of workable thickness, and where it 
is found workable, the area is usually circumscribed. It was first recog- 
nized and named as a persistent member of the series in the central part 
of Butler County, where it is a bed of fair grade and furnishes some coal of 
low-sulfur content. It has also been developed to some extent in Clear- 
field County, notably at Morrisdale, Chest Creek, and a few other locali- 
ties. It is likely to prove of greater value in the future when economic 
conditions will permit the mining of the thinner seams of coal. 

Upper Kittanning Coed, Coal Bed C'. — ^This coal bed, although a per- 
sistent member of the coal series, is of workable size only in a few locali- 
ties. It has been developed in the counties bordering the Ohio line and 
has been mined in Butler, Jefferson, Clearfield, Elk, Cambria, and Somer- 
set Counties. In Somerset County, a considerable area has been developed 
in which this bed furnishes low-sulfur coal of high grade, coal quite similar 
to that furnished by the “Miller” seam in Cambria County. With the 
exception of this area in Somerset Cotmty, this coal bed cannot become an 
important source of low-sulfur coal supply, because the areas furnishing 
coal of this grade are usually quite small. 

Lower Freeport Coal, Coal Bed D. — This coal bed is a seam of more or 
less importance from the eastern edge of the bituminous-coal field west- 
ward to the Ohio line, and is found to be workable in parts of every 
county in which it is above water level. It usually furnishes. coal of 
relatively high grade, but there are no large areas known that can be 
regarded as promising an important source of supply of low-sulfur coal. 
This bed reached its highest arid most valuable development in Clear- 
. field County, where in the Houtzdale-Morrisdale district it was from 4 to 
6 ft. thick and furnished coal uniformly low in suKur and low in ash. 
It was locally called the Moshannon Bed. This district is now practi- 
cally exhausted. In parts of Somerset, Cambria, Indiana, Jefferson, 
Armstrong, Clarion, and perhaps Butler Counties, circumscribed areas 
exist in which this coal is a low-sulfur coal. This is the coal bed worked 
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at Punxsutawney and Reynoldsville in Jefferson County. It is of good 
quality but of reduced thickness in Elk County. In the immediate 
vicinity of Punxsutawney, this coal bed furnishes high-grade low- 
sulfur coal. ■ 

Upper Freeport Coal, Coal Bed E. — This coal bed is perhaps the most 
persistent of any of the seams of the lower productive coal measures, 
being found in practically every county from the face of the Allegheny 
Mountains westward to the Ohio line. It is not, however, always of 
workable thickness and is rarely a low-suHur coal. The areas in which 
it has been found to contain a small percentage of sulfur are usually 
local and circumscribed in extent. A district in Butler and Allegheny 
Counties in which this coal lies below water level, and in which develop- 
ment is by boring and shafting, may perhaps furnish a considerable ton- 
nage of low-sulfur coal from this bed. 

Coal Beds op the Lower Barren Series 

Three coal beds of the lower barren measures, the Gallitzin, the Price, 
and the Berlin coal beds, have been foimd of workable thickness over 
small or circumscribed areas, and the developments upon these beds 
have in some cases shown the presence of low-sulfur coal. These areas, 
however, are too small to become important sources of supply of low- 
sulfur coal. 


Coal Beds of the Upper Productive Series 

The upper productive coal measures contain five coal beds of impor- 
tance and a number of other beds that, while workable in a few localities, 
are usually small and unimportant. These five beds, beginning at the 
bottom, are the Pittsburgh, Bed Stone, Sewickley, Waynesburg, and 
Washington; they will be considered in this order. 

Pittsburgh Coal Bed. — This coal bed is below water level in the central 
and western parts of Greene County and over much of Washington 
County and underlies large areas in Fayelte, Allegheny, and Westmore- 
land Counties, and is found in detached areas of relatively small extent 
in Indiana and Somerset Counties. ' 

As a result of diamond-drilling exploration, it has been claimed that 
this bed will furnish large areas of low-sulfur coal in Greene and Washing- 
ton Counties. While this claim is doubtless well founded, it is also 
elaimbd that some drill holes indicate the presence of large areas in 
which the sulfur is too hi^h to enable us to class the coal as a low-sulfur 
coal. In parts of Washington, Allegheny, Westmoreland, and Fayette 
Counties, where this bed has been largely developed by actual mining, 
it is an important source of supply of relativdy low-sulfur coal. In 
Westmoreland and Fayette Counties, the limitation of these areas has 
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been well defined by mining operations, which exist in practically all of 
the territory known to be of this character. But large areas exist in 
Washington County, where the coal lies at a considerable depth beneath 
the surface, in which the sulfur content has not been definitely fixed. 
The detached basin of this coal in Somerset County has furnished coal 
of low sulfur content but this field contains no undeveloped territory. 

Red Stone- Coal Bed . — This bed is of workable size in parts of Washing- 
ton, Greene (?), and Somerset Counties, but it is not likely to be a source 
of any considerable tonnage of low-sulfur coal. 

Sewickley Coal . — This bed has been found of workable size in parts 
of Greene and Fayette Counties. The data in hand indicate that it is 
usually relatively high in sulfur. 

Wayrieshurg Coal . — This coal bed is of some importance in Greene 
and Washington Counties, having been found of workable thickness 
over an area of considerable size. This area may contain some coal 
sufficiently low in sulfur to be classed as low-sulfur coal, but it is not 
generally regarded as a promising source of supply of coal of this grade. 

Washington Coal . — This coal bed is of importance mainly in Washing- 
ton County, being a bed of good size in the central part of that county. 
It is not thought likely to prove a source pf supply of low-sulfur coal. 

Districts in Which Low-sulpur Coal Exists 

We will not attempt to describe or to delimit all of the many localities 
in which small areas of low-sulfur coal have been found, but will confine 
our description mainly to areas large enough to become important sources 
of supply for fuel of this grade. In describing these districts we wiU, for 
convenience, describe them by counties, alphabetically arranged. 

Allegheny County . — The extreme southern part of Allegheny County 
contains the principal areas of low-sulfur coal existing in the Pittsburgh 
coal bed in this county. This land lies in the center of the great mining 
development upon this bed of coal. The sulfur content increases as the 
coal rises to the north, northwest, and west. The Freeport upper coal 
may be a possible source of low-sulfur coal in the northern part of the 
county, but extensive drilling and development work wiU be necessary 
before areas of low-suHur coal in this or in any underlying coal bed can 
be accurately defined. 

Armstrong County . — No large or important area of low-sulfur coal is 
known in this county. The Freeport lower coal has yielded some high- 
grade coal of this class, and areas of coal beds E, D, or B may perhaps be 
developed by drilling in those parts of the county where these beds lie 
below water level. 

Beaver County . — ^This county may have small areas of the upper 
Freeport and Lower Kittanning low-sulfur cpal above water level, but 
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these areas are not likely to prove important. In the southern part of 
the county adjoining Washington and Allegheny Counties, low-sulfur 
coal may perhaps be developed in any of the coal beds under water level, 
i,€.j in E, D, C', or B. 

Butler County. — In the southern and southwestern part of the county, 
low-sulfur coal may be developed in the Upper or Lower Freeport coal 
beds, where these coals lie below water level. No other area large enough 
to be of importance is known in which there is any reasonable proba- 
bility of obtaining low-sulfur coal. 

Cambria County. — This is one of the most important low-sulfur 
coal districts in Pennsylvania. It contains many more or less detached 
areas in which beds E, D, and C' have yielded coal of this character, 
but the principal source of supply is from bed B (Lower Eattanning coal) 
which is generally known as the Miller’^ seam and furnishes high-grade 
'^smokeless fueP' of low volatile, low sulfur, and low ash contents. The 
low-sulfur coal areas of bed B are found principally in the southern half 
of the county, that is, south of Ebensburg, while most of the low-sulfur 
areas of beds C', D, and E are found in the northwestern part of the 
county. 

In addition to the true Ipw-sulfur coal areas, this county contains 
large areas in which coal (especially the coal of beds B and D) with from 
1.25 to 2 per cent, sulfur exists in beds of fair workable thickness and 
which, by washing, can be made available for byproduct coking. 

Clearfield County. — The fine grade of low-sulfur coal yielded by the 
celebrated ^'Moshannon coal bed’’ (Lower Freeport coal, bed D) in 
the Houtzdale-Morrisdale basin, has been practically exhausted. Small 
workable areas of this coal bed and of the Upper Kittanning coal, bed C', 
may yield some coal low in sulfur but the supply from these areas does 
not promise to be large and no other part of the county except some areas 
of small extent in the DuBois district are known to contain any coal low 
in sulfur, 

Fayette County. — The low-sulfur coal areas of this county, so far as 
is known, are confined to coal of the Pittsburgh coal bed, none of the coal 
beds of the lower productive coal measures being of this grade over any 
considerable area. The great low-sulfur coal field of the Pittsburgh bed, 
extending from near Connellsville on the northeast nearly to the Cheat 
River on the southwest, still contains large quantities of coal of this grade 
and an extension of this district from Smithfield westwardly toward 
the Monongahela river has been thought to indicate a possible extension 
of the same conditions into a part of Greene County. 

Greene County. — The Pittsburgh coal bed is the only probable source of 
supply of low-sulfur coal in this county, SuflBlcient drilling and develop- 
ment work has not yet been done, nor have sufficient results of drilling 
been published to enable us to forrh an opinion as to the extent of low- 
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sulfur coal likely to exist in this county. In many cases the recorded 
data are in conflict, but sufficient is known to justify the conclusion that 
the southeastern part of the county is not likely to furnish a large per- 
centage of coal of low-sulfur content. This same conclusion is indicated 
by the data bearing upon the northwestern part of the county. It has 
been claimed that there is a great belt of low-sulfur coal running through 
the central part of this county from northeast to southwest. This claim 
is based mainly upon the condition of the Pittsburgh bed to the northeast 
of this belt in Fayette, Westmoreland, and Washington Counties, but 
without any evidence to the southwest of this belt to lend strength to this 
hypothesis, so that confirmation of this theory must depend on the results 
of drilling. The possibilities of this territory are very great, but the 
facts in hand do not justify positive statements except such as may 
apply to individual parts of the district that may have been proved by 
drilling. 

Indiana County , — The Upper Freeport (E), the Lower Freeport (D), 
and the Upper Kittanning (C') coal beds may each be expected to contrib- 
ute a number of areas containing low-suKur coal in such quantity as to be 
of importance. Between and surrounding and interwoven with these 
low-sulfur areas are areas of much greater extent containing coal that 
can readily be so improved by washing as to make high-grade metallur- 
gical coke. These areas occur most frequently in the central and eastern 
parts of the county. In those parts of the county adjacent to its southern 
and western boundaries, the coals are usually higher in sulfur and are 
not so readily improved by washing. The Lower Kittanning coal (B), 
or Miller seam, is rarely a low-suKur coal in this county. 

Jefferson County , — The Punxsutawney district has become celebrated 
for the low-sxilfur, low-ash coal mined from the Lower Freeport (D) coal 
bed. This coal field has been extensively worked for more than 30 yr., and 
the low-sulfur area has been well defined by mining operations extending 
far beyond the limits of this area. No considerable addition to the avail- 
able coal of this grade is expected to be developed or proved in this 
coal bed in the future. Neither the Upper Freeport (E), Upper Kittan- 
ning (O'), nor Lower Kittanning (B) co^ bed is likely to prove an impor- 
tant source of supply for low-sulfur coal in this county. 

Lawrence County , — Small areas of low-sulfur coal in the Upper Kit- 
tanning (CO and Gallitzin coal beds have been thought to exist in this 
county. 

Somerset County , — The well-known ^^Jenner^' smokeless coal (bed 
C') and the Meyersdale basin of the Pittsburgh coal bed have been im- 
portant sources of supply for coal of this type, and low-sulfur coal is 
also provided from bed B in the Windber district in the northeastern part 
of the county. Outside these districts, low-sulfur coal is rarely found in 
quantity, but the areas in which low-sulfur coal is known to exist are of 
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sufficient size to continue to be iinpoi'tant sources of supply foi many 
years. 

Washington County.— The central and southeastern parts of Washing- 
ton County contain important areas of the Pittsburgh coal bed of low-sul- 
fur content. In addition thereto we find large tracts in which the coal 
is low enough in sulfur to be easily improved by washing for use in making 
metallurgical coke of high grade. Much territory that, a few years ago, 
was classed as low-sulfur coal has been found to require washing to reduce 
the sulfur to within the permissible limits. In the western and north- 
western parts of the county, the coal is generally thought to be too high 
in sulfur to be readily reduced by washing to fit it for coke making. We 
believe, however, that much of the coal from these relatively high-sulfur 
districts can be made available for coking by washing as described in the 
first part of this paper. 

Wostmorelond County. — In the southern and southwestern parts 
of Westmoreland County important areas of the Pittsburgh beds of low- 
sulfur content have been developed and extensively worked. The sulfur 
seems to increase to the north and northeast, but this increase is not uni- 
form and does not affect all of the coal. Much of the coal produced by 
the Pittsburgh bed at these several localities requires washing to reduce 
the sulfur; and as the sulfur usually occurs in a form capable of separation 
by washing, the county will contmue to be a source of supply of coal for 
making high-grade coke. No large areas are known in this county in 
which coal from any of the coal beds of the lower productive coal meas- 
ures is low enough in sulfur to be classed as low-sulfur coal. 

DISCUSSION 

Richabd R. Hice, Beaver, Pa. (written discussion*). — The matter 
of selective minirig is probably of more importance in Pennsylvania than 
is washing, and perhaps washing would not be necessary at some plants 
where now practised if proper care were taken in the mining. I have in 
mind one plant where the sulfur content of the entire bed is more' than 2 
per cent., yet if the bottom 12 in. and the top 12 or 15 in. are separated, 
the TTifl.iT> portion of the bed, sonie 6 ft., will not contain more than 1.25 
per cent, sulfur; and yet in this mine the entire bed is worked together, 
the resultant coke, as a matter of course, not being fit for use in iron 
smelting. 

Not suflSicient notice is taken of the “Double-thick” Upper Freeport 
coal in Allegheny and Butler counties. This is a very valuable deposit. 
Other areas where there is a top member of the Upper Freeport coal are 
also known, which add to the value of this bed as a coking coal. This 
double Freeport coal is especially suited for byproduct coking. 

* Received Aug. 26, 1919^ 
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I caimot be as optimistic as regards the “low-sulfur” Pittsburgh coal 
in Greene County as the authors. If the term low-sulfur is to be confined 
to coal with not exceeding 1.25 per cent, sulfur, there is probably little 
of Greene County that will come under the classification. The mines 
now working in the county, the records of drill holes in this county and in 
adjoining areas of Washington County and West Virginia, do not indicate 
that there will be much coal in Greene County that can be classed as 
low-sulfur. Western and southern Washington County, from the rela- 
tively few data available, must be largely classed as carrying at least 
more than 1.25 per cent, sulfur. In some cases the sulfur content can be 
reduced by washing, but in others the reduction in sulfur will not justify 
the expense. 

The authors have brought into a concise statement the substance 
of a mass of literature on Pennsylvania coals, which certainly is of value 
both to the coal industry and to the consumer who wants a fuel suited to 
his needs. 
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Removal of Sulfur from Illuminating Gas 

BY -W. W. ODELL,* AND W. A. DUNKLBT,t UHBANA, ILL. 

(Chicago Meeting, September, 1919) 

The sulfur content of coal is perhaps more important in the manufac- 
ture of illuminating gas than in any other coal-using industry; Whether 
the gas is made by the distillation of coal in retorts or ovens or by steam- 
ing incandescent coal or coke in the water-gas process, a portion of the 
sulfur present in the fuel always passes into the crude gas. Practically 
all the sulfur that remains in the finished gas is transformed into sulfur 
dioxide (SO 2 ) when the gas is burned. Sulfur dioxide is a pungent suffo- 
cating gas and, if present in the air in any perceptible amount, is delete- 
rious to health and- comfort and damaging to house furnishings. So 
universally is this recognized that laws regulating the amount of sulfur 
that may be permitted to remain in the gas are very generally in force. 

The capacity of a plant to purify gas frequently limits the selection 
of coal for gas making. This condition may arise from different causes. 
Some plants were originally designed to handle a certain grade of low- 
sulfur gas coal, and very Httle leeway was allowed for growth or for the 
use of inferior coals. Other plants, when built, had ample capacity to 
purify gas from relatively higher sulfur coals, but their output has grown 
so rapidly that their purifying capacity is now limited and only the low- 
sulfur coals can be handled. 

There is a great quantity of coal in the United States that would 
satisfy the requirements of the gas manufacturer, were it not for the high 
sulfur content. The coals containing less than 1 per cent, sulfur are 
becoming scarcer year by year and, in time, the gas industry will probably 
be compelled to use coals that are now considered out of the question. 

SuLFUE Compounds in Crude Gas 

Sulfur exists in unpurified illuminating gas in a variety of compounds; 
chief of these are hydrogen sulfide (H^S) and carbon disulfide (CS 2 ). 
In crude coal gas H 2 S is usually present to the extent of 0.5 to 2.0 per 
cent., by volume, equivalent to about 300 to 1200 gr. per 100 cu. ft. of 
gas. In carbureted water gas, the amount of sulfur compounds depends 
not only on the sulfur content of the coal or coke used, but also u:pon c 


Gas Engineer, U. S. Bureau of Mines, 
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sulfur in the carbureting oil. The total amount of H2S in the unpurified 
carbureted water gas is usually much less than the a mount present in 
unpurified coal gas, being usually between 50 and 200 gr. per 100 cu. ft. of 
gas. The amount of CS2 in gas made by either process seldom exceeds 30 
gr. per 100 cu. ft. In making gas from American coals, the amount of 
H2S produced is usually the limiting factor, from the sulfur standpoint, 
the amount of other sulfur compounds present being of less importance. 

Preliminajrt Purification 

The term “purification” as applied to gas means the removal of 
certain gaseous constituents present in the gas as first produced, which 
are detrimental to its use if allowed to remain in it. In coal-gas manu- 
facture, these- impurities include carbon dioxide (CO2), ammonia (NH3), 
cyanogen (CN)2, nitrogen (N), and all sulfur compounds, including 
H2S and CS2. Nitrogen is not usually considered an impurity, for 
although it does not burn and only dilutes the gas, there is no commercial 
method known for its removal. The same impurities are present in 
carbureted water gas, but the amounts of ammonia and cyanogen com- 
pounds are so small as to be negligible. 

The purification process begins as soon as the gas leaves the chamber 
in which it was produced. Certain amounts of the impurities are re- 
moved by water vapor as it condenses from the gas; also, some of the, 
impurities react with each other, forming compounds soluble in water, 
such as the combination of the ammonia with part of the CO2 and H2S 
during cooling and washing of coal gas. The following equations express 
some of the most important of these reactions: 

NH4OH + H2S = NH4HS - 1 - H2O ( 1 ) 

2NH4OH -f H2S = (NH4)2S + 2H2O (2) 

2NH4OH -t- CO2 = (NH4)2C08 - 1 - H2O ( 3 ) 
(NH4)2C03 -H CO2 + H2O = 2 (NH 4 )HC 03 ( 4 ) 

The amount of ammonia present, however, is much too small' to 
remove these constituents completely. These reactions should be utilized 
as far as possible, for by so doing the hydrogen sulfide purifiers can be 
relieved of much work that would otherwise be thrown upon them. 
Frequently as much as 20 to 40 per cent, of the H2S can be removed from 
the gas before it reaches the sulfide purifiers. Some of the processes 
evolved for utilizing the reactions between the impurities, especially 
between NH3 and H2S, wiU be discussed later. 

Purification with Lime 

The greater part of the H2S originally present remains in the gas after 
the washing and condensing processes are completed. To completely 
remove this constituent, the gas is passed through a series of receptacles, 
usually called purifying boxes, in which it is brought into intimate con- 
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tact with some material that combines with the H2S. The material 
formerly used was slaked lime, Ca(OH)2. This material had some chem- 
ical advantages over the hydrated oxide of iron now almost universally 
employed, since it removed not only H2S but also the CO2 present in the 
gas and, when properly handled, the CS2 as well. There is some difference 
of opinion as to the exact chemical reactions occurring in a lime purifier. 
When there is an excess of hydrated lime present, both CO2 and H2S are re- 
moved. The following equations probably represent the reactions 
occurring: 

Ca(OH)2 + CO2 - CaCOs + H2O 
Ca(OH)2 + H2S = Ca(OH)(HS) + H2O 
After a portion of the lime is sulfided, the hydrosuLfide, Ca(OH)(SH), 
can then react with CS2, removing this constituent according to the 
following representative equation 

2Ca(OH)(HS) + CS2 = CaCS3Ca(OH)2 + H2S 
It is seen that H2S is liberated by this reaction. Further, as soon as 
the first box is completely fouled by CO 2 and H2S, the CO2 in the gas 
begins to liberate H2S according to the equation 

Ca(OH)(HS) + CO2 = CaOOs + H2S 
Hence a fresh box of slaked lime has to be placed after the partly 
fouled boxes to take up the H2S liberated. 

Although lime removes impurities very completely, it has many 
disadvantages as compared with hydrated iron oxide, which has largely 
displaced it. It has a purif3dng capacity per bushel of only 6000 to 
10,000 cu. ft. of gas (when the gas contains the usual amount of CO2 
and H2S) or about one-fourth to one-sixth the purifying capacity of iron 
oxide and the material must be handled much oftener to purify the same 
amounts of gas. It is therefore much more costly per unit volume of 
gas purified. In order to insure complete H2S removal, either a large 
number of boxes is necessary or the process has to be very carefully 
watched. The spent lime is a most offensive product, creating a nuisance 
in the neighborhood of the gas works, and its disposal is difficult, especially 
since it has little or no commercial value. 

Purification with Iron Oxide 

Hydrated oxide of iron, or iron oxide, as a gas -purifying material 
first received the serious attention of the gas industry in America about 
1885, and so obvious were its advantages that within a few years it had 
practically displaced lime for purification. Iron oxide does not remove 
CO2 from the gas, but with proper working conditions the removal of 
H2S is very complete. There is some evidence that foul oxide removes a 
slight amount of CS2. The reactions by which H2S is removed may be 
represented by the following equations: 

2Fe20s.H20 -f 6H2S = 2Fe2Ss + 8H2O 
2Fe208.H20 + 6H2S = 4FeS + 2S + 8H2O 
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The sulfiding reactions are carried out in a series of purifying boxes in 
which the oxide is spread in layers on wooden grids, so arranged that 
the gas has to pass through the oxide in traveling through the box. The 
boxes are made in various forms and are constructed from steel plate, 
cast iron, or concrete. The oxide is usually mixed with some inert mate- 
rial, such as wood shavings, grormd corn cobs, sawdust, etc., to make it 
more porous. The direction of flow through the oxide may be up or 
down, or the gas may enter between two layers and pass up through one 
and down through the other. Practice varies greatly in different plants. 

When fouled, the iron sulfides formed are brought into contact with 
oxygen (air), and the iron oxide is revivified. The process of revivifying 
is represented by the equations: 

2FejS3 ”1- 3 O 2 "t* 2 H 2 O = 2Fe203.H20 -I- 6S 
4FeS -1- 3 O 2 + 2 H 2 O = 2 Fe 203 .H 20 + 4S 

This revivification is accomplished in one of the following ways; By 
spreading the foul oxide in thin layers exposed to the action of air. By 
shutting off the gas from one or more boxes at a time and passing a current 
of air through them. By admitting a small amount of air (not over 2 per 
cent.) with the gas to be purified, thus combining purification and 
revivification. 

With the first method, the oxide must be removed from the purifier 
several times before it is unfit for further use (spent). With the other 
methods it is usually necessary to handle the oxide less often. The oxide 
is usually dispensed with for purifying purposes when it contains from 
50 to 60 per cent, of free sulfur. 

Spent oxide, especially that from coal-gas purification, has a com- 
mercial value; it forms an important source of cyanides, and sulfur is 
sometimes extracted from it. The following is a typical analysis of a 
spent oxide from coal-gas purification: Sulfur, 61.3 per cent.; tarry 
matter, 1.8 per cent.; ammonirun sulfocyanide (NH4) SCN, 1.7 per cent.; 
Prussian blue, Fe 4 (Fe(CN) 6 ) 3 , 6.2 per cent.; moistiue, 1.9 percent.; 
iron oxide, iron svdfide, shavings, etc., 28.1 per cent. 

Purification Practice 

To remove H 2 S completely from gas, it is necessary to have more than 
one purifier in the system. The number of boxes in a series may vary 
from two to six or even more. A box of oxide may be removing a very 
large percentage of the H 2 S present in the gas long after it is incapable 
of taking out the last traces. It is necessary, therefore, to regulate the 
flow of gas through the system so that comparatively fresh oxide is 
available to remove the last trace of H 2 S. The connections of the puri- 
fiers are so arranged that the position of any box in the series can be 
changed, making it first, last, or intermediate. Frequently, when the 
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position of one of the purifiers is established, the others have to follow in a 
predetermined sequence due to the arrangement of connections. 

The amount of purification being accomplished by each purifier of 
the series can be determined by making quantitative H 2 S tests of the 
gas entering and leaving each purifier. The difference in H 2 S content 
of the gas before and after a box indicates the amount of the H^S that it is 
removing. The foEowing is the result of such a series of tests made by 
William Bennet.^ The purifiers were in the sequence given in the follow- 
ing table and 2 per cent, of air was admitted to the gas for revivification: 


Obdeb 

Box No. 

HaS AT Inlet 

HaS Removed 

Peb Cent, op Total 
HaS Removed in 
Each Box 

1 

4 

554.5 

527.1 

95.06 

2 

5 

27,4 

20.6 

3.72 

3 

1 

6.8 

6.8 

1.22 

4 

2 

0.0 

0.0 

0.00 

It is 

seen that the first box in the series absorbed 

more than 95 per 

cent, of the H 2 S in the gas, but the absorption was not complete until 

after the third box. 

To show that this was not due to an excessively 

foul conditon of the second box the order' of the boxes was changed, 
No. 5 being placed first, and after 24 hr. another series of tests was made. 

with the following results: 



Obdeb 

Box No. 

HaS AT Inlet 

HaS Removed 

Pee Cent, op Total 
HaS Removed in 

Each Box 

1 

5 

575.7 

517.2 

89.84 

2 

6 

- 58.5 

49.0 

8.51 

3 

1 

9.5 

9.5 

1.65 

4 

2 

0.0 

0.0 

0.00 


In this instance No. 6 box, which when second was incapable of 
completely removing the small amount of HaS in the gas coming to 
it from the first box, is now able to absorb nearly 90 per cent, of the 
total HaS. 

The difficulty of removing traces of HaS from the gas greatly affects 
purification practice in different plants. Where only two boxes are 
installed, it is the usual custom to have the fouler box in the first place 
and to rely on the cleaner second box to remove the traces of HaS. On 
the , other hand, where there are several boxes in series, the practice 
is sometimes reversed, based on the theory that the foul box will re- 
vivify more readily if most of the HaS has previously been removed in a 
clean box. 

Not only does the order of the boxes differ in various plants, in respect 
to the foulness of the contained oxide, but also the method of changing the 
order. For example, if a given plant has four boxes in series, numbered 


1 Oas World (Feb., 1916), 64, 202. 
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in the following order: 1 — 2 — 3 — 4. When box No. 1 becomes foul, 
permitting enough H 2 S to go forward so that a trace appears between 
3 and 4, it is time to change the order. Some operators would make the 
new order: 2 — 3 — 4 — 1; while others would make it 4 — 1 — 2 — 3. 
The latter arrangement appears to be safer, since box No. 1 is relieved 
of the heavy duty of removing HjS and so has an opportunity to revivify, 
while the comparatively fresh boxes Nos. 2 and 3 are interposed between 
it and the outlet of the system to remove traces of H 2 S, which will almost 
inevitably pass box No. 1. By the time box No. 1 reaches the last 
place, it will be revivified to such an extent that it wiU remove any re- 
maining HaS. 

Conditions Favoeing Sulfub Kemoval 

Among the factors affecting sulfur removal are freedom of the gas 
from tar and oil vapors, temperature, time of contact of the oxide with 
the gas, hydrogen sulfide content of the gas, surface of oxide exposed, 
and the chemical and physical condition of the oxide. It is important 
.to have the gas free from tar and oil vapors before it enters the purifiers. 
It is probably true that as much oxide is ruined by failure to observe this 
precaution as is consumed in efficient purification. This is due sometimes 
to inability to regulate the temperature of the gas and efficiently scrub 
it with the means available. This factor merits attention in many 
gas plants, especially the smaller ones. 

The temperature maintained at the purifiers is an important consid- 
eration. For efficient action, a temperature at the boxes of 80° to 
100° F. (27° to 38° C.) is considered most favorable. If the temperature 
falls much below 60° F. (17° C.) the action becomes sluggish. Where this 
temperature cannot be maintained by the sensible heat of the gas, arti- 
ficial means are employed, such as using steam coils in the boxes or 
injecting steam into the gas. By many, it is considered important that 
the gas should be saturated with water vapor during the purification 
process; and where closed steam coils are used for heating, some advocate 
the introduction of steam into the gas. 

The time of contact of the gas and oxide has a marked #ect on the 
efficiency of the purifying process. If it is possible to pass the gas through 
the oxide at a slow rate, a considerably higher percentage of HjS can be 
removed than when a higher rate is necessary. It is very advantageous, 
therefore, to pass the gas through the oxide at a uniform rate. Various 
formulas have been worked out showing the relation of rate of gas. flow 
to area and depth of purifjdng material in the purifiers. 

The chemical and physical properties of oxide have an important 
bearing on their efficiency in removing HaS, The relations of chemical 
composition to commercial usefulness have not been so completely 
worked out that it is possible to predict with certainty from a chemical 
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analyas how the material will behave as a purifier. The commercial 
supply is obtained from a variety of sources and various kinds of oxide 
are preferred by different operators. 

Sources op Pueipting Oxide 

The oxides employed for purifying gas fall in the following classes: 
Natural oxides, these include bog iron ore, and other forms of hydrated 
iron oxide. Iron rust, prepared by rusting clean iron borings, etc., in 
contact with wood shavings or other carriers. Predpitaied oxides, 
made by precipitating iron oxide from a solution of copperas (ferrous 
sulfate) or of other iron salts, by the use of lime. 

It has long been recognized that the purifying capacity and activity 
of oxides vary greatly and many efforts have been made to explain 
the differences experienced. While iron oxide is the material that reacts 
with in every case, experience has shown that the iron content is not 
necessarily an index to the value of ap oxide for this purpose. The 
physical condition of the oxide and perhaps the state of hydration of the 
oxide have an important bearing on its action. Fulweiler and 
Kunberger® expressed the viewthat oxide present in theform of a colloidal 
precipitate was the most efficient for HaS removal and that this condition 
was usually indicated by the ability of an oxide to carry a high percentage 
of combined water. They also stated that such an oxide usually has a 
smooth velvety texture and that its quality can be judged better by 
appearance under the microscope, or even by the feel of the material, 
than by chemical test, though they recommend an actual fouling test 
such as they describe. 

While further study of the properties of oxide may give added infor- 
mation as to means of purifying efficiency, which in some plants is 
deplorably low, its use will alwas^ have certain disadvantages. Oxide, 
being a solid material, is bulky and costly to handle, even though mechani- 
cs appliances for handling it are in use in some of the larger plants; con- 
siderable labor is required in most cases. The material, when foul, is very 
disagreeable to handle, and it is sometimes difficult to procure laborers 
for this work. 

In the foregoing discussion of iron oxide for sulfur removal, the use 
of the oxide in a dry way only has been considered. Iron oxide may be 
used in suspension in water to accomplish the same results; in fact, this 
method was contemplated in the early days of oxide purification. The 
wet method has some advantages as well as disadvantages. 0. B. Evans® 
tells of some experiments made by the Atlantic Eefining Co., in which 
gases from oil stills, containing as much as 8000 gr. of sulfur per 100 cu. 
ft., were purified by pa ssing through two towers (in series) filled with 

*Proc. Am. Gas Inst. (1913) 8, 476. *Oas Rec. (Apr. 9, 1919) 16. 
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glazed helical brick. Iron oxide suspended in water flowed down through 
the towers into 1500-gal. tanks. The iron sulfide, which was precipitated 
by the HaS, was kept in suspension and was oxidized again by air agita- 
tion. From the experiments,' the conclusions were drawn that the 
method would be applicable to usual gas practice in some cases. The 
chief conclusions were: 

1. The method results in a serious loss of candlepower when a high- 
candle gas is purified at ordinary temperatures, but ordinary illuminating 
gas would probably lose less than 2 per cent, of its candlepower at 90° F. 
(33° C.). 

2. A given apparatus, under the same conditions, will remove a 
constant percentage of the HjS present in the gas, whether the gas con- 
tains 8000 or 700 gr. per 100 cu. ft. 

3. With two towers in use, so operated as to remove 95 per cent, of the 
sulfur in the gas, the first tower will do 93 per cent, of the work. 

4. When completely fouled, the oxide may contain as much as 89 
per cent, free sulfur. 

Mr. Evans states that the main difficulties to be experienced are the 
loss of candlepower (where candlepower is required) and the revivification 
of the material in suspension, which does not proceed so readily as when 
in a dry state. The chief expense, he states, is the cost of pumping the 
material. About 3 per cent, of oxide in suspension was about as great 
a concentration as could be readily handled. 

Other Puripting Methods 

Weldon mud (MnOj-MnO HjO), a hydrated peroxide of manganese, 
has been used for removing the last traces of H2S in the gas. It has not 
found extended use, however, on account of the high first cost and the 
fact that it readily absorbs CO2 and becomes inert to HjS. 

A number of liquid purification methods have been worked out which, 
while more or less successful, are not to any great extent supplanting the 
less complicated iron oxide method. The method of Th. P. Petit is 
rather unique. In this process a 25-per cent, solution of potassium car- 
bonate (K2CO3) is used to absorb the H2S from the gas. This solution 
is used in rotary washers, which are placed after the ammonia washers. 
The K2COS solution absorbs CO2 and H2S forming bicarbonate and potas- 
sium hydrogen sulfide, according to the reactions: 

K2C08 + CO2 + H2O = 2KHCO3 
K2CO3 + H2S = KHS + KHCO3 

The spent solution is re'vi'vified by blowing air through the solution 
at 105° to 120° F. (41° to 49° G.). The temperature has considerable 
to do with this re'vivification method. Since C08 helps to drive off H2S 
a small amomt of stack gas is used in revivification. 
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For the same reason, an excess of CO2 in the gas to be purified hinders 
the absorption of H^S. While care must be used with this process to 
see that the carbonate solution is 'always in the right form to absorb 
H2S and so prevent an excessive production of CO2 in the raw gas, one 
advantage claimed for the process is that no sulfites, sulfocyanides, or 
hyposulfites are formed (when the ammonia has been previously re- 
moved), which are quite troublesome in some other processes. The 
operation is said to be simple. It may be stated that the air used in revivi- 
fication acts merely as a carrier for H2S, HCN, and C02- 

A number of processes have been devised utilizing the reaction of 
ammonia with H2S. Since there is never enough NH3 in coal gas to re- 
move all the sulfur present, it is evident that the ammonia solutions used 
have to be revivified and reused. This may be done by heating the 
weak ammonia liquor nearly to the boiling point when most of the CO2 
and HsS are driven off with but little loss of ammonia. Of course strong 
liquor cannot be so heated without great loss. The cooling and reheating 
of great volumes of liquor together with losses and uncertainty as to the 
eflS.ciency of purification has, in part, accounted for the method not being 
generally adopted. Many other more complex ammonia reactions take 
place in utilizing this process, which add to the difficulty of regulation. 
Since the gas constituents vary in many gas plants from hour to hour, 
greater attention must be given to purification when employing such a 
process. CO2 is as objectionable in these processes as with the Petit 
method. 

Several investigators have endeavored to remove H2S from gas by 
the use of sulfur dioxide (SO2). In effect one might expect the reaction 
between these gases to be as follows: 2H2S + SO2 = 2H2O + 3 S. In 
practice, however, this combination does not take place in so simple a 
manner. 

W. Feld experimented with the use of SO2 in gas purification and 
ultimately developed a process by which both NH3 and H2S can be re- 
moved from the gas. In this process, he made use of the peculiar 
characteristic of ammonium thiosulfate of combining with SO2 to form 
ammonium polythionate. The reaction is rapid and complete. 

2(NH4)2S203 + 3 SO 2 - (NH4)2S406 + (NH4)2S306 

Ammonium polythionate is an effective medium for removing both H2S 
and NH3 from the gas. 

While, there are many interactions in the application of this process, 
the final products are shown by the following equations: 

(NH4)2S406 + 3 H 2 S = (NH 4 ) 2 S 203 + 5S + SHfiO 
(NH4)2S406 + 2 NH 3 + H 2 O = (NH 4 ) 2 S 04 + (NH 4 ) 2 S 203 + S 
(NH4)2S406 + 2NH8 + HsS = 2(NH4)2S203 + S 
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In each of these reactions ammonium thiosulfate is formed and con- 
v^ted to polythionate by SO2. 

By alternate treatment with coal gas and SO2, the process is continu- 
ous with an accompanying increase in concentration of ammonium salts 
and suKur. The excess ammonia is recovered, as is also the sulfur, some 
of which is burned for the generation of SO2. The ammonia is recovered 
as the sulfate. This process is explained in some detail by Wagner.*^ 

Removal of Carbon Bisulfide 

Various methods have been devised for the removal of CS2 from the 
gas, although in American practice it is seldom necessary to remove this 
constituent. The most notable methods employ heat (reheat the gas), 
with or without the use of catalyzers. One such process was worked 
out by Dr. Charles Carpenter in conjunction with Mr. E. V. Evans. 
In this process the gas is preheated to a temperature of 400 ° C. and then 
passed -through externally heated tubes containing j&reclay balls impreg- 
nated with a nickel salt which, in the presence of hydrogen, promotes 
catalytic action at a temperature of 450 ° C. The reaction is expressed 
chemically as follows: CS2 + 2H2 = 2H2S + C. In this manner the 
total sulfur in the purified gas (which in most cases is almost entirely CS2 
or organic sulfur) is reduced 80 per cent. A requirement is that H2S is 
removed before the CS2 is transformed; therefore this method cannot be 
directly applied tp the purification of foul gas. 

The credit for working out a method (employing a preheating and a 
high-temperature reaction) for the decomposition of CS2 that could be 
successfully utilized on a commercial scale is due to Hall and Papst 
of the Portland Gas & Coke Co., Portland, Ore. The apparatus installed 
at that plant consisted of two reheaters, each being a column filled with 
checker firebrick. These columns are alternately heated and are operated 
intermittently. The temperature required for this process is 700 ° to 
900 ° C. The CS2 is decomposed according to the well-known reaction 
CS2 + 2H2O = CO2 + 2H2S. The hydrogen sulfide produced in each 
of the processes just mentioned is later removed by iron oxide. 

Liming of coal previous to charging the retorts is another method that 
has been used to decrease the sulfur in the unpurified gas. From 
time to time various reports have been made showing an increase in the 
yield of gas and ammonia, and a decrease in the per cent, of sulfur in the 
gas from the use of this process. For this purpose, the lime used is equal 
to to 2 per cent, of the weight of the coal. It is admitted with the 
coal before it is crushed, and steam is blown on the coal just before it is 
charged. This results in the coal being coated with lime, which is fixed to 
its surface. Results obtained at Cheltenham, England, seem to show 

^P. H. Wagner: ^^Coal Gas Residuals.'' N. Y., 1918. McGraw-Hill. 
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that under the prevailing conditions more of the sulfur remained in the 
coke and other byproducts, with correspondingly less sulfur in the gas. 

While the chemistry of this process is not thoroughly understood, 
it is possible that the lime, by catalytic action or otherwise, permits 
the formation of less CS 2 , or rather converts the CS 2 more completely 
into H 2 S. It was shown that the purified gas had a uniform content of 
21.5 gr. of organic sulfur per 100 cu. ft. when lime was used. Liming of 
coal is not a common practice in this country. 

A process known as the '^Athion'^ is of importance since it is, 
or has been, in use in Europe. The gas after being deprived of tar, 
H 2 S and NH3, is washed with a solution of potassium carbonate (K 2 CO 3 ) 
which absorbs C02* K 2 CO 3 + CO 2 + H 2 O — 2KHC03* The CO 2 is 
driven off by heating the liquid and the carbonate is regenerated. 

After the CO 2 is all removed from the gas the Athion material (which 
is a cellulose compound obtained by treating cellulose sulfate with soda 
lye) absorbs the CS 2 . The Athion material is placed on grids in purify- 
• ing boxes in the ordinary way. On combining with CS 2 , xanthogenate 
of cellulose (viscose), which is utilized in the manufacture of non-inflam- 
mable celluloid, is formed. This method of purification reduced the 
sulfur compounds in finished gas in one instance from 30.7 to 7.8 gr. 
per 100 cu. ft. It is claimed that 10 tons of this special material will 
absorb 1 ^ tons of CS 2 , or purify 75,000,000 ft. of gas. 

Conclusion 

The installation of purifying equipment is a heavy expense. Puri- 
fying apparatus of the present type requires considerable space, not only 
for the boxes themselves but for the storage and revivification of oxide. 
The cost and scarcity of labor in some communities make a less cumber- 
some process desirable. In view of these considerations, it seems as 
though the gas industry will be limited to the use of low-sulfur coals 
until a more convenient and cheaper method of purification has been 
worked out. Those plants that have excess purifying capacity are fre- 
quently able to realize good returns on their added investment by their 
ability to use coals somewhat higher in sulfur than customary when they 
are obtainable at a lower price. For example, several water-gas plants 
in Illinois and neighboring states are using local coals as generator fuel 
in place of coke and are realizing a saving, even though in some cases the 
sulfur to be removed has increased 50 to 100 per cent. In plants in which 
the purifying equipment is overloaded, the solution of the problem must 
rest on two considerations: first, the more efficient utilization of the 
present process, more attention being paid to the nature of the material 
used and the best ways of using it; and, second, the development of pro- 
cesses that will permit more economical gas purification and will perhaps 
make the sulfur in the coal a desirable byproduct rather than a detriment. 
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DISCUSSION 

Homeb T. Darlington, Natrona, Pa. — ^John Hudson, recently per- 
fected a material, which is called ferrox. This material is very similar 
to brick in appearance and in physical properties. It is so strong that a 
person can stand on a piece of the ordinary size that is used in purifica- 
tion, without crushing it. Ferrox is sulfuric hydrate, which is the basis 
of the so-called oxide purifiers, and the bindmg material. After the 
material has been made, it is crushed to % in. With material of this 
size and the same heat, fifty times the amount of gas will pass through the 
same part of the bed. In this way, a larger amount of gas can be 
purified than by the old method, where the so-called ordinary oxides 
used in gas purification were used. I would think that this material 
would have a very large application in the purification of producer gas. 
It is used to a small extent in the purification of filuminating gas. 

The Chairman ( H. H. Stoek, Urbana, 111 .). — ^Is it a patented process 
material? 

H. T. Darlington. — I think it is, I do not know. 

W. H. Fulweiler, Philadelphia, Pa. — There seems to be a tendency 
to ""make the presence of a little sulfur dioxide seem rather terrible. 
This is rejecting the conclusions of the Bureau of Mines after its in- 
vestigations at Baltimore a number of years ago.- Then the Bureau 
said the SO2 would drive a man out of a place long before it would 
seriously injure his health. As a matter of fact, illuminating gas as 
served to the consumer today contains a smaller percentage of impuri- 
ties than white granulated sugar. 

I want to call attention to one thing in the line of purification. Gen- 
erally the fresh box is kept in front of the sulfide removing boxes. In 
other words, the technical method of handling purification is to first 
insure that all of the CO2 is removed before the H2S is taken out. Two 
sets of boxes are used, the so-called carboning boxes and the sulfating 
boxes. 

In the purifying, the equations given here are those given in the 
textbooks ever since the industry started, but I believe, from some work 
that has been done, that the reactions that take place between the iron 
oxide, the H2S reactions, are not quite as simple as they appear. It is 
well known that a certain amount of ferrous sulfate is always formed and, 
practically always in the ordinary methods of purification, some FeS2. 
A trace of SO2 is nearly always formed in carelessly handled boxes and, 
therefore, I think it must be patent that the reactions are more or less 
complicated. 

The same may be said for the revivification of this material. Some 
experiments rather indicate that the ferrous oxide is not first formed 
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from the revivification of ferrous sulfide. Very probably, apparently, 
ferrous sulfide is formed and the lower oxide that is formed rapidly is 
gradually oxidized up to the higher oxide. 

The impression is given by the paper that by admitting 2 per cent, 
of air you intentionally revivify the oxide. That is not so. The admis- 
sion of small amounts of air increases, to a considerable extent, the duty 
of the oxide; it will not completely revivify it. The revivification in the 
box is attracting a great deal of attention at the present time but that 
revivification, while simple in theory, is quite complicated because the 
heat of the reaction of the revivification appears to be rather high and the 
ordinary purifying materials are rather good non-conductors of heat. 

There is a great tendency for the oxide to collect in lumps into which 
the oxygen penetrates and causes a reaction. There is not a sufficient 
current of air to carry off the heat generated by the reaction Wffien the 
temperature rises, secondary reactions take place, which also increase 
the temperature, resulting in the dehydration of the ferric hydroxide, 
consequently spoiling it, and in the excessive formation of FeSa, which, 
of course, does not further revivify, and therefore passes out of usefulness. 

When the oxide has been revivified, it mechanically increases in 
volume due to the formation of the sulfur. After a batch of oxide has 
been revivified in boxes until it has swollen to twice the mechanical size, 
the swelling of the material mcreases the resistance of the passage of gas 
so much that material must be taken out. 

The best and most efficient oxides we have seen were oxides that 
occurred as a byproduct in the manufacture of alumina in which the 
iron was precipitated from a carbonated solution. The physical charac- 
teristics of the iron have an important bearing on the volumes of 
purifying material. An iron that comes out from a strong neutral 
solution is never as good as an iron that comes out of an alkaline solution, 
like soda-carbonate solution. 

In the discussion of the methods for removing hydrated carbon 
bisulfide, attention might have been called to a method in practical 
use in which, after the removal of hydrogen sulfide, the gas is passed 
over a very active iron oxide at a temperature of about 200® C. At 
that temperature, the reaction is sufficiently rapid for the greater portion 
of the carbon bisulfide to be converted into hydrogen sulfide. We 
found that the temperatures used by Carpenter on the nickel process 
were detrimental, apparently, to carbonated water gas. They workpd 
all right with coal gas, but when applied to carbonated water gas with 
the excessive amounts of imsaturated hydrocarbons, there was a loss 
of candlepower and an additional poisoning of gases. If iron hydroxide 
properly prepared can be made to react at such a low temperature, that 
is 200° C., it would not have a bad effect on the candlepower. We 
could drop it down 90 per cent. 
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It is an interesting fact that no matter what number of grains of 
carbon bisulfide you start with, you never can get it down to 9 or 10 
by these processes. It is very difficult to get a quantity of gas and 
hold it and keep the sulfur contents the same. We have tried a large 
number of materials as containers and it is difficult to get anything 
that will not change the suKur content. 

The summary states that the question of capital charge is one of 
the very important things that face the gas companies today. Money 
is very hard to get for public service corporations at times. They 
have a large amount of money invested in the old system, so the new 
system would have to show a large saving to warrant their scrapping 
what they have. High-sulfur coals do not seem to offer a great reduction 
of price. The most promising method is the development of the more 
active ferric hydroxides. The average iron hydroxide might take up 
10 per cent., by weight, of hydrogen sulfide before it would be found. 
It might be easy to get some of the boggers to take up 35 and 40 per cent., 
which would mean increasing the capacity of a given box by probably 
three times. 

It is also very easy to prepare, in the laboratory, oxides that will 
take up as much as the theoretical, that is 63.45; and by the admission, 
of a little air, that can be easily run up to as much as 80 per cent, without 
removal. That is the direction in which we are most likely to make 
direct progress in view of the high capital cost involved in any other 
method. 

How does this so-called ferrox act on revivification? It would seem 
that any porous material of that nature would only act on the surface 
after the first revivification, because the interior v^ould almost immedi- 
ately become clogged with the free sulfur set free in the revivification. 
A Mr. Berkhiser developed a process for converting the sulfur 
directly into sulfuric acid in which he used oxide supported with an in- 
organic binder in what appears to be identically the same method Mr. 
Darlington mentioned. 

H. T. Darlington. — I am not sure the binder has been definitely 
fixed upon. Cement is the cheapest binder mixed with appropriate 
materials for giving strength to hold the ferric oxide together. .Revivi- 
fication, I understand, has been repeated often enough so that the total 
amount of sulfur absorbed has gone as high as 100 per cent, of the ferric 
oxide or ferric hydrate content. Before the material had been tested 
out, the fear was that the sulfur deposited by the reaction— first by the 
absorption of hydrogen sulfide and then by revivification — would swell 
and crack the mass. However, such was not the case. The material 
remained hard until it was thrown away. The material absorbs hydrogen 
sulfide to the center with great rapidity. A mass 1 in. in diameter will 
absorb hydrogen sulfide to the center within 2 or 3 minutes. 

VOL. Lxm.— 43 . 



674 


FOBMS IN WHICH STJLFUE OCCtTBS IN COAL 


Fonns in which Sulfur Occurs in Coal* 

BY A. R. POWELLt AND S. W. PARR,J M. S., URBANA, ILL. 

(Chicago Meeting, September, 1919) 

Four general methods have been used in the study of the decomposi- 
tion of coal. The first has been directed toward the processes of coal 
formation, the second has been by means of microscopic studies, the 
third from the data of destructive (listillation, and the fourth has made 
use of various solvents. 

Applying these methods to the sulfur of coal, it has been found that 
the organic sulfur of plant and animal life enters into the formation of 
coal and remains in organic combination in the final product. The in- 
orgam'c sulfur is almost entirely combined as iron pyrites and marcasite. 
The infiltration of hydrogen-sulfide waters is doubtless a large factor 
in these combinations. Sulfates are found in very small quantities except 
where free oxygen has entered the coal strata. 

The mechanical mixing of detritus with the early coal material is 
another source of sulfur. In this case the sulfur is distributed in micro- 
scopic particles throughout the mass. In destructive distillation, a 
part of the sulfur comes off as hydrogen sulfide and various thiophen 
compounds, but this furnishes little information as to the nature of the 
sulfur compounds in the coal itself. 

The use of solvents has given valuable data concerning the sulfur 
compounds in coal. Premy^ and later E. Guignet^ noted the action of 
alkaline solutions on coal after treatment with nitric acid and Anderson 
and Roberts® showed the presence of large quantities of organic sulfur 
in the extract so obtained. In a study of the phenol extract of coal, Parr 
and Hadley^ found organic sulfur in the soluble organic material. These 
investigations proved the presence of organic sulfur in coal in addition to 
the inorganic forms, such as iron pyrites and sulfates. T. M, Drown® 
attempted the analysis of the pyritic and sulfate sulfur as distinct from 
the organic forms by means of sodium hypobromite; no definite proof of 

* Synopsis of an investigation published as Bull. Ill (1919) of University of Illinois 
Engineering Experiment Station. By permission of the Director. 

t Student of Graduate School of University of Illinois. 

t Professor of Applied Chemistry, University of Illinois. 

1 Compt Rend. (1861) 62 , 114. « Compt. Rend. (1879) 88 , 590. 

® Jrd. Soc. Chem, Ind. (1898) 17, 1013. 

* Univ. of HI. Eng. Exp. Sta. Bull. 76 (1914). 

® CUmr. News. (1881) 43, 89. 
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the accuracy of this method was presented. Perd. Fischer* showed that 
this method gave variable results and was inaccurate. Helm'^ tried the 
selective action on the organic-sulfur compounds by means of organic sol- 
vents but obtained no definite results. No trustworthy method seems, 
therefore, to have been devised for determining the different forms of 
sulfur in coal. 

The effect of different percentages of organic and inorganic sulfur 
in the coal on the amount of residual sulfur when the coal is coked was 
studied by M’Callum.* No quantitative relationship was obtained, but 
where the organic sulfur was high the volatile sulfur was also high. 

The forms of suKur in coke were early investigated by Bradbury.* 
Some sulfide sulfur was found to be present and also a little sulfate sulfur, 
but the larger part was unaffected by most reagents. This latter sulfur 
was thought to exist in some organic form. 

The purpose of this investigation was to devise a fairly accurate 
and reliable method for the quantitative determination of the various 
forms of sulfur in coal and to utilize this method in a study of the 
changes occurring in. the coal sulfur during the processes of oxidation 
and coking. 

Methods of Analysis . — ^The first attempt at a method for the 
analysis of the different forms of sulfur in coal was made by the use of 
organic solvents. Previous work, by E. E. Charlton of this laboratory, 
had indicated the possibility of securing a selective extraction of the or- 
ganic sulfur by treating the finely powdered coal for some time with 
phenol; this method has been studied in some detail during the present 
investigation. The criterion by which the accuracy of this method was 
judged is based largely on an assumption, the only available procedure 
at the time, as follows: 

The total sulfur and iron in the coal were determined by the sodium- 
peroxide fusion method and then another sample of the coal was treated 
with a 3 per cent, hydrochloric-acid solution for a period of 40 hr. at a 
temperature of 60°. The latter treatment extracts only the sulfate sulfur 
leaving the pyrites and organic sulfur intact. Both the sulfur and iron 
in this extract were determined. The iron not extracted by the dilute 
hydrochloric acid was assumed to be pyritic iron and the pyritic sulfur 
was obtained from this by a simple stoichiometric calculation.. This 
pyritic sulfur, together with the sulfate sulfur obtained in the dilute 
hydrochloric-acid extract, was considered to be the total inorganic sulfur 
of the coal, and the organic sulfur content was figured by subtracting 
the inorganic from the total sulfur. The main source of error in this 
procedure lies in the fact that most coals contain appreciable amoimts 

■ • Zeit. Angew. Chem, ( 1899 ), 764 . » Chem. Eng ( 1910 ) 11 , 27 . 

’ Archiv. Phar. ( 1882 ) 88 . » Chem. News ( 1878 ) 88 , 147 . 
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of iron silicate, which on calculating the equivalent sulfur to FeS 2 gives 
a high factor for that constituent. 

• In attempting to secure a direct factor for organic suKur, the phenol 
soluble material was first studied. The apparatus used for the phenol 
extraction is shown in Fig. 1. The heating medium was an electric oven 
constructed as shown. The coils of nichrome wire were M i^* (6*35 mm.) 
in diameter and were wound around the iron cylinder in a spiral fashion ; 
50 ft. (15 m.) of No. 20 wire were used. The extraction was carried on 
in 50-c.c. Erlenmeyer flasks fitted with long glass tubes that extended 



Fig. 1. — Cross-section of electric furnace used in phenol extraction op 

COAL. 

outside the oven to act as condensers for the phenol vapors. The 
method of procedure was to place gm. of the coal in the fliask, pour over 
it 25 c.c. of phenol, and maintain the oven at a temperature of 140^. 
The extraction was continued for 20 hr., when the contents of each flask 
was filtered through a Gooch crucible while still hot. Every particle 
of residue was rinsed out of the flask by means of alcohol and ether. 
The residue in the Gooch crucible was dried, mixed with sodium peroxide, 
and ignited in a nickel crucible. The solution obtained from this fusion 
was analyzed for sulfur by the regular sulfate method. By subtracting 
the sulfur found in this residue from the total sulfur, the phenol soluble 
sulfur was indicated. The results are given in Table 1. 
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Table 1. — Sulfur as Provisionally Distributed. Based on Total Iron 
and Phenol Soluble Organic Material 


Coal 
No. ‘ 

Total 

Sulfur 

Sulfur Calcu- 
lated as 
!FeS 2 from 
Total Iron 

Sulfur as 
Sulfate 

Total Organic 
Sulfur, by 
Difference 

Organic Sulfur 
Soluble in 
Phenol 

Difference 
Between Total 
Organic and 
Phenol-soluble 
Sulfur 

1 

2.68 

1.39 

0.04 

1.25 

0.42 

0.83 

2 

2.18 

1.58 . 

0.17 

0.43 

0.15 

0.28 

3 

0.64 

0.17 

0.00 

0.47 

0.20 

0.27 

4 

2.14 

0.71 

0.05 

1.38 

0.34 

1.04 

5 

1.20 

0.40 

0.25 

0.55 

0.16 

0.39 

6 

5.00 

2.03 

1.31 

1.66 

0.77 

0.89 

7 

3.31 

2.06 

0.01 

1.24 

0.50 

0.74 

8 

1.02 

0.80 

0.01 

0.21 

0.10 

0.11 

9 

1.40 

0.75 

0.00 

0.65 

0.21 

0.44 

10 

0.94 

0.31 

0.02 

0.61 

0.12 

0.49 


In compiling the data for this table, it should be borne in mind 
that the factor for FeSs, while based on an assumption with reference 
to the form in which all of the iron is combined, shows, in the nature of 
the case, a maximum value for the resulting FeSa. As a result of this 
assumption, the value in the colunon for the total organic sulfur, by differ- 
ence, is the minimum possible for that constituent. Nevertheless, the 
values remaining after , subtracting the organic sulfur of the phenol- 
soluble material show very considerable percentages of organic sulfur 
remaining in the insoluble or humic residues. It is the factor for this 
.constituent that we desire to obtain accurately. Not nearly all of the 
organic sulfur is extracted by the phenol. 

The coals tested were for the most part from lUinois and ranged from 
freshly mined material to samples that had been kept in the laboratory 
for 2 years. In no case was there, even approximately, complete extrac- 
tion of the organic sulfur by phenol, unless some heretofore unidentified 
inorganic forms shoTild account for the difference. That the sulfur 
extracted by the phenol was organic in nature could not be doubted, since 
that material left no ash on ignition. 

The next step was to search for a selective solvent for the iron p 3 rrites. 
Nitric acid oxidizes and takes into solution iron pyrites very readily, so 
that a series of experiments was started to determine whether the pyrites 
could be dissolved without disturbing the organic sulfur. Samples of 
coal were treated with dilute hydrochloric acid and then subjected to 
extraction with concentrated nitric acid. The method used in treating 
the coals with the concentrated acid was very simple; 25 c.c. of concen- 
trated nitric acid was poured over 1 gm. of coal and the mixture was 
allowed to stand 24 hr. before filtration and analysis. The results of 
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these experiments showed that less sulfur was extracted by the nitric 
acid than that supposed to be pyritic sulfur in the coal. Furthermore 
not quite all of the iron was extracted from the coal, as should be the case 
if all the iron were present as pyrites. 

Some doubt was entertained as to whether all of the pyrites was 
being taken into solution, so experiments were performed to determine 
the elBfect of stronger solvents. Samples of coal were extracted with a 
mixture of one part concentrated hydrochloric acid to three parts of 
concentrated nitric acid, using gentle heat to hasten the process. The 
suKur in these extracts was much higher than that obtained by the 
action of cold concentrated nitric acid, but the iron content was about 
the same. These facts clearly indicated that the nitro-hydrochloric- 
acid mixture not only extracted the iron pyrites but also quite a consider- 
able amoimt of some other form of sulfur. Furthermore, the ratio of 
sulfur to iron in the extract was higher than that corresponding to FeS 2 . 
Even the. cold concentrated nitric acid extract gave a sulfur-iron ratio 
that was high. 

It appeared very probable that the iron in4he acid extracts repre- 
sented the pyritic iron, since silicate iron would go into solution only on 
prolonged heating. This, therefore, might be used as a means for cal- 
culating the pyritic sulfur and it would without doubt be more accurate 
than the older method of using the total iron. A comparison of three 
methods of calculation is given in Table 2. 


Table 2. — Comparison of Pyritic Sulfur Determinations of Coal by 

Different Methods 


Coal No. 

5 

6 

7 1 

9 

I. Sulfur as calculated from the total iron minus the HCl 
soluble iron 

0.40 

2.03 

2.06 

0.75 

II. Sulfur as calculated from the iron soluble in HCl -f 
HNO3 minus the iron found in the dilute HCl solution 

0.30 

1.94 

1.72 

0.25 

III. Sulfur by- analysis in the HCl + HNO3 solution 
minus the sulfur found in the dilute HCl solution — 

! 0.34 

2.64 

2.09 

0.39 


This table shows that both the pyritic sulfur obtained by the older 
method of calculation from the total iron and the pyritic sulfur obtained 
directly by analysis from the hydrochloric-nitric-acid extraction are 
higher than that obtained by calculation from the iron soluble in hydro- 
chloric-nitric acid. The high results based on the total iron are due to 
the presence of quantities of silicate iron, and the high results of the 
direct hydrochloric-nitric-acid extraction of pyritic sulfur are due to 
the oxidation of a part of the organic sulfur. 
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From the behavior of the reagents thus far used it now seems possible 
to find one in 'which the oxidation of the organic sulfur would not occur, 
so that a solution could be obtained which would yield directly the pyritic 
sulfur (plus the sulfate sulfur). There would then be a distinct line of 
demarkation between the inorganic and the organic forms. In order 
to judge as to whether there was a selective action on the iron pyrites, 
the sulfur-iron ratio in the solution was used as affording the best indi- 
cation of a selective solvent. 

Various strengths of cold nitric acid were tried. The concentrated 
acid, as stated before, gave high results, but when one part of concen- 
trated acid was mixed with three parts of water and this was allowed to 
act on a sample of coal, the sulfur-iron ratio of the extract was almost theo- 
retical. From one to four days was required for complete solution but 
further extraction after this period was found to be without result. 
One gram of finely powdered coal and 80 cc. of the dilute acid were al- 
lowed to stand at room temperature and at the expiration of four days 
the extract was analyzed for both sulfur and iron. The results of this 
method, applied to various coals, are given in Table 3. A graphical repre- 


Table 3. — Extraction of Coals with Dilute Nitric Acid; One Part of 
Concentrated HCl to. Three Parts of Water 


Coal No. 

Time of 
Extraction 

Iron in Acid 
Extract 

Sulfur in Acid 
Extract » 

Pyritic Sulfin* Calculated from 
Iron in Acid Extract as 
Pyritic Iron 

7 

1 hour 

! 

1.12 

1.23 

1.28 

7 

18 hours 

1.16 

1.29 

1.33 

7 

' 72 hours 

1.13 

1.30 

1.29 

7 

10 days 

1.20 

1.36 

1.37 • 

6 

4 days 

1.80 

2.06 

2.06 

6 

4 days 

1.80 

2.06 

2.06 

5 

4 days 

0.27 

0.31 

0.31 

' / 

5 

4 days 

0.27 

0.31 

0.31 

9 

4 days 

0.15 

0.16 

0.17 

10 

4 days 

0.08 

0.10 

0.09 

10 

4 days 

0.08 

0.10 

0.09 


sentation of the results obtained is given in Fig. 2. In all cases the ratio 
between the sulfur and iron in dilute nitric acid extract indicates a selec- 
tive action on the iron p3aites. 

Methods had now been devised for the estimation of the sulfate 
sulfur, of the pyritic sulfhr, and that part of the organic sulfur soluble 
in phenol. However, on adding these three forms together and compar- 
ing the sum with the total sulfur, it was found that only about one-half 
of the total sulfur had been accounted for; therefore, it became necessary 
to devise a method for makitifg a direct analysis of this residue. 
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The procedure was as follows: One gram samples of the various coals 
were extracted with the dilute nitric-acid solution, at room temperature 
for 24 hr., thus removing the pyritic and sulfate sulfur. Guignet and 
later Friswdl'^'' had both observed the effect of alkalies on coal previously 
treated with nitric acid. The residue, after the extraction with nitric 
acid, was therefore treated with 25 c.c. of concentrated aqua ammonia. 
This ammonia mixture was then diluted and filtered, the filtrate having a 
dark reddish brown color. Upon acidifying this filtrate with hydro- 



chloric acid, a brown flocoulent precipitate formed. The filtrate from this 
precipitate was very light yellow in color and contained no sulfur. This 
showed that the sulfurj^in the residue from the nitric-acid treatment must 
be present in either the ammonia insoluble substance, of which there 
was very little compared to the original residue, or else in the flocculent, 
brown precipitate. An analysis of the small undissolved portion of the 
residue, after the treatment with ammonia, gave but a trace of sulfur. 
Practically all of the remaining suKur of the coal was therefore contained 
in the flocculent bro’wn precipitate. 


Loe, c^^. 
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The brown precipitate gave an ash content of only 0.35 per cent, as 
against an initial ash content of 9.45 per cent, in the original coal. The 
analysis of this residue was as follows: Silica, 0.10 per cent.; Fe 203 , 
0.05 per cent.; other oxides, 0.20 per cent.; total, 0.35 percent. The low 
ash content indicates quite definitely that the sulfur contained in the 
brown precipitate is organic in nature. In order to distinguish this 
form of sulfur from the other forms contained in coal, the name of humus 
organic sulfur has been appUed to it. 

It now became necessary, in order to test finally the methods just 
given, to determine the amount of the various forms of sulfur present in 
certain coals, add these together, and see how closely the total checked 
with the total sulfur of the coal as determined by a sodium-peroxide 
fusion. Extremely close checks were not looked for, since the combined 
errors of five determinations entered into each comparison. Table 4 
gives the average results obtained qjx five different coals. The results 
show that a fairly accurate method had been found for the determination 
of the various forms of sulfur. 


Table 4. — Analysis of Different Forms of Sulfur in Coals and Compar- 
ison of the Sum with the Total Sulfur 


Coal No . 

4 

5 

6 

7 

8 

Resinic sulfur 

0.34 

0.16 

0.77 

0.50 

0.10 

Sulfate sulfur 

0.05 

0.251 

1.31 

0.31 

0.01 

Pyritic sulfur 

0.85 

0.31 

2.06 

1.36 

0.29 

Humus sulfur .* 

0.87 

0.51 

0.70- 

0.95 

0.45 

Total .... 

2.11 

2.14 

1.23 

1.20 

4.84 

6.00 

3.12 

3.31 

0.85 

1.02 

Total sulfur by Na202 fusion 

Difference between sum of the four sulfur forms and 

the total sulfur 1 

0.03 

0.03| 

0.16 

0.19 

0.17 


For more convenient reference the method of procedure for each form 
is outlined below. 

(1) The sulfate sulfur is determined by extraction of the coal with 
dilute hydrochloric acid. Five grams of the finely powdered coal are 
treated with 300 c.c, of a 3-per cent, solution of hydrochloric acid for 
40 hr. at 60® C. This is then filtered and the filtrate analyzed for sulfur 
by the usual barium chloride precipitation process. 

(2) The pyrite sulfur is determined by extraction of the coal with 
dilute nitric acid after a preliminary extraction with dilute hydrochloric 
acid as under (1) to remove the sulfate form. As a matter of fact, the 
residue from the sulfate determination may be used for the pyritic sulfur 
determination, but the quantity is rather large for this purpose and it is 
more convenient to use 1-gm. samples. The coal residue so obtained, or 
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1 gm. of the ori^al coal is treated with about 80 c.c. of dilute nitric acid. 
(1 part nitric acid, sp. gr. 1.42, to 3 parts water, approximate specific 
gravity of the mixture is 1.12). This is allowed to stand at room tem- 
perature for 24 hr. and is then filtered. The filtrate is evaporated to 
dryness, to get rid of the nitric acid, then taken up in a Uttle hydro- 
cUoric acid and the sulfur determined by barium chloride precipitation. 

The organic sulfur may be taken as the difference between the total 
sulfur and the sum of the two inorganic forms as found under (1) and 

(2). However, if direct determinations are desired of the two organic 
forms the procedure is indicated under (3) and (4) as follows: 

(3) The resinic sulfur is determined by extraction of the coal with 
phenol. The method of procedure for this phenol extraction has been 
given in some detail earlier in this paper. 

(4) The humus sulfur is determined by the difference between the 
sum of the other three forms and the total sulfur in the coal. Or, a 
direct determination may be made by taking the residue from the nitric- 
acid extraction for pyritic sulfur and adding 25 c.c. of ammonium hydrox- 
ide (sp. gr. 0.90). This is poured over the residue and allowed to stand 
for several hours. It is then diluted, passed through a large filter, and 
the filtrate evaporated to dryness. By fusing the dry residue with sodium 
peroxide, its sulfur content may be determined in the usual manner. 

DISCUSSION 

W. H. Fulweiler, Philadelphia, Pa. — ^Was any attempt made to 
determine the nature of this ammonium soluble extract? 

A. R. Powell. — ^We could not get a test for any typical organic 
sulfur compound. This substance, dissolved in the ammonium hydrox- 
ide, seems to be closely related to humus substances found in soils; at 
least it has the same physical characteristics. For that reason we have 
called this “humus organic sulfur," a very complex, organic combination 
that would probably require a very long investigation to determine its 
constitution. 

W. H. Fulweiler. — ^Has an ultimate analysis been made? 

A. R. Powell. — ^No; there are three or four articles about this sub- 
stance, which is soluble in ammonia; the ultimate analysis is referred to 
in Bulletin 111, which may be obtained from the Engineering Experiment 
Station at the University of Illinois, Urbana. Detailed data on the 
ultimate analysis of this substance are given in an article by Anderson and 
Roberts in the Journal of the Society of Chemical Industry, Vol. 17, 
p. 1013 (1898). 
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Mechanical Separation of Sulfur Minerals from Coal 

BY J. R. CAMPBELL,* M. SC., SCOTTDALE, PA. 

(Chicago Meeting, September, 1919) 

A DOZEN years or so ago, the general superintendent of our company, 
now the president, Mr. W. H. Clingerman, asked me to study the coal- 
washing problem. This work brought me into, contact with the best 
washery men of the country. I investigated many kinds of coal-cleaning 
schemes, made numerous tests, and collected voluminous data, yet I 
confess frankly that I have had little practical washery experience and 
that little has been at the Middlefork washery of the United States Fuel 
Co. at Benton, Franklin Co., 111., which was put in operation last fall. 
While this washery installation may not be the ^^ast word,’' I am quite 
sure it embodies some long steps in advance of the older designs and 
constructions. 

From the washery man’s standpoint, the removal of pyrites or 
marcasite, a disulfide of iron, is the one vital problem, and the one pro- 
ductive of the most beneficial results, so far as elimination of sulfur is 
concerned. Sulfates and so-caUed organic sulfur occupy quite a sec- 
ondary position and are generally lost sight of in coal washing. 

The elimination of sulfur in coal in the past has usually been accom- 
plished by jigging in water, but lately concentrating tables have been 
successfully employed. The flotation process has been applied to fine 
coal, but is hardly considered practicable. Coal washing is rapidly com- 
ing into its own, due to the depletion of low-sulfur coals for coking pur- 
poses, and we predict that soon the same careful attention will be given 
to the design and construction of coal washeries that is now being given 
to byproduct plants and other allied industries. Heretofore, coal wash- 
ing has been considered only an incidental and necessary evil instead of 
the big problem it is — one worthy of the most careful study by men well 
trained along technical lines and capable of delving into the fundamental 
principles. 


Preparation of Coal 

It is usually necessary to crush the .mine-run coal before sending it 
to the jigs, the degree of crushing depending on the occurrence of the sulfur 
and other impurities in the coal and the type of jig over which it is to 
be sent. The feldspar jig requires finer and more uniform crushing 


♦ Chief Chemist, H. C. Frick Coke Co. 
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from a mechanical operation standpoint than the type of jig that makes 
its own bed. Coal crushed to pass a (12.7-mm.)'or %-in. (19-mm.) 
square-hole screen may be considered the maximum size for the success- 
ful operation of the feldspar jig. Much larger particles can be handled 
over other jigs, though %-in. coal will give more efficient and uniform 
results. The main object of crushing is to liberate the impurities in 
the coal. 

If the coal is to be sent over concentrating tables instead of jigs, it 
must be crushed much finer. Our experience is that these tables will not 
handle material much above % in. square, perhaps H iu* being the most 
desirable size. Tests have been made on J^-in. to O-in. material with 
gratifying results. 

The matter of sizing the coal for the Jigs, or concentrating tables, is 
a mooted question. Some of our best washery men claim that no better 
reduction in sulfur can be obtained by washing in sizes while others say 
that there is a decided advantage in jigging sized coal. We have an 
open mind on the subject. It appears that the nature of the coal and 
the impurities in it have some bearing on whether the coal ought to be 
sized or not. If it is found desirable to wash in sizes, perhaps two 
sizes would be sufficient. We have found that it is practicable to jig 
coal iu- aud even in. to 0 in., if it is properly wetted before enter- 
ing the jig. If a concentrating table is used in combination with a jig- 
ging plant, it is necessary to size in two sizes, the 3’4-iu. or %-in. coal 
going to the tables and the oversize to jigs. 

The type of crushers used is important, as it is desirable not to pro- 
duce any more fines than necessary when jigging, because it is more 
difficult to handle the fines in jigs without loss of good coal, especially 
in washing unsized coal. It is the common belief among washery men 
that the roll-type cnisher produces less fines. It is also highly desirable 
to produce the proper size in one operation; i.e., without secondary 
crushers for handling the oversize. This is feasible if there are facilities 
for bypassing the undersize coal in the mine-nm coal and handling only 
the oversize through the crushers. If double rolls are used, provision 
should be made for bypassing the undersize coal produced by the top 
rolls so that the bottom rolls handle only oversize coal. In this way 
uniform and properly sized coal can be produced for efficient washing. 

Ttpe op Jigs and Tables 

There is a saying among washery men that any jig will do good work 
if given the proper adjustment and attention, whether it is a vertical 
plimger or a horizontal plunger jig and whether it is a single or a double 
(or more) compartment jig. It is my belief that the two-compartment 
jig is about the limit for the best results. In fact, I am not convinced 
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that a single-compartment jig, properly designed, is not the thing, espe- 
cially if feldspar is not used on the second compartment, or both com- 
partments, of a double-compartment jig. 

It is also highly desirable to have a jig that will produce two products, 
washed coal and refuse, from a given feed with nodnimum loss of good coal 
in the tails and the minimum amount of sink in the washed product. Any 
jig that is not able to do this is inefi&cient, for at this stage of the coal- 
washing game, a secondary or middling product is not to be tolerated 
when the washed coal has to be used for coking purposes. 

I have had the opportunity to make a critical study of wet concentra- 
ting tables for coal-washing purposes, and most of them have done excel- 
lent work, yet I see no reason why they should supplant the use of the jig 
altogether, even on handling fine coal. The table may have certain 
advantages over the jig, such as less power and water consumption, but 
the tonnage handled is decidedly against it. A feldspar jig will produce 
just about as low sulfur, though not as low ash, as wet concentrating 
tables in handling the same class of feed coal; i.c., J^-in. or even 3^-in. 
coal. If some genius in dry concentration will devise an A-1 table for 
fine coal of this size, it will prove a boon to coal washing, for it would 
simplify the handling and drying of the fines. 

I do not wish to be imderstood as opposing the use of wet concen- 
trating tables for handling fine coal, for I appreciate the fact that they 
are rapidly and deservedly pushing their way into the coal-washing field. 
Unless feldspar jigs are used for fines alone, tabling the fines below 3^^ in. 
or in. is the only practical way of handling them, but the use of jigs 
for the over-size coal should always be considered, when practicable 
from an operating standpoint. 

Drying Washed Coal 

There are two principal ways of drying the washed coal from the 
dewatering elevators; the older method of using drainage bins, or pits, 
and the more modern and rapid one of using mechanical dryers, or centri- 
fuges. The first method is slow and rather inefficient, unless large 
drainage capacity is provided for storing the washed coal to allow ample 
drainage. The drainage pit is exemplified by the installation at the 
Cambria Steel Co.’s washer at Johnstown, Pa. I have seen this installa- 
tion several times and, if my recollection is correct, the moisture is re- 
duced to about 12 per cent, with reasonable time for drainage. 

Of the mechanical dryers, there are at least two on the market and 
in successful use at several washery plants in the country. Mechanical 
dryers are successfuDy used at the Middlefork washery. By their use 
it is possible to reduce the moisture to the, minimum and load the dried 
coal direct into railroad cars. At the washery of the Bethlehem Steel 
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Co., Steelton, Pa., with a low initial moistui’e in the raw coal, the mois' 
ture in the washed coal will average around 5 or 6 per cent. ; and at our 
plant with a high initial moisture in the raw coal, the moisture will 
average around 10 per cent, in the washed coal with the pulp from the 
Dorr tanks added to the washed and dried coarse coal. Without this 
pulp addition, the moisture probably would be 3 per cent. less. I will 
discuss this feature later under a separate head. 

The main trouble with mechanical dryers is that they do not handle 
the fines very successfully on account of the fine coal passing through the 
screens of the dryers and building up the circulating wash water when 
operating in a closed circuit. 

Water Clarification and Sludge Recovery 

This is one of the most interesting features of a washery plant and 
one that has been a bugaboo in the past. We took the “bull by the 
horns” and installed Dorr thickeners for water clarification and sludge 
recovery on a big scale, though the experiment was first made by the Stag 
Canon Fuel Co. in a modified way. The use of the Dorr thickeners has 
been very successful, though we experienced some trouble at first due to 
inexperience. The following is a typical operation of these thickeners 
under normal conditions: 



Influent 

Effluent 

Undebflow 

Water, per cent 

98 

99.7 

47.2 

Solids, coal, per cent 

Specific gravity 

2.0 

0.3 

52.8 

1.0052 

1.0008 

1.1580 

Total, per cent 

100 

97 

3 

Tons per hour 

500 

485 

15 


The above' is based on the operation of two 70-ft. Dorr tanks handling 
the wash water from approximately 1200 tons of washed coal in 8 hr. 
The overflow water contains but a small percentage of solids and is in fine 
condition for re-use. The underflow, or sludge, is in good condition for 
handling in a number of ways and, from an analytic standpoint, takes on 
the character of the washed coal proper. 

The following are possible solutions of the sludge problem: It may be 
pumped by means of the diaphragm pump direct to the washed-coal 
elevator on top of the coal in the dewatering buckets and passed through 
the mechanical dryers with the coarse coal, or it may be pumped direct 
to the dryer, but this practice builds up the circulating system and is 
almost certain to cause trouble sooner or later. 

The second way is to operate in an open circuit and pmnp the 50-50 
sludge direct on top of the washed and dried coarse cOal, which eliminates 
it from the system altogether, although this practice adds about 3 per 
cent, moisture to the final washed product. 
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The third, and perhaps the most logical method, is to put the sludge 
from the Dorr tanks through a continuous filter of approved type and 
dehydrate it to 20 per cent, water and under, after which the cake may 
be added to the dried coarse coal. This method would give a final 
washed product of minimum water content and would add less than 1 c. 
per ton to the cost of the washed product. 



Fig. 1. — Flow sheet or watbr-clabipication and sludge-recovery system. 


A fourth way would be to take the cake from the continuous filter 
and completely dehydrate it in a direct-heat dryer, adding the powder 
to the washed and dried coal. This method would be more expensive 
and seems of doubtful value. Fig. 1 shows a flow sheet of a typical 
water clarification and sludge-recovery system. 


Water Consumption 

There seems to be a general belief that 1 ton of water will wash 1 ton 
of coal; I have seen no jig plants doing so well in practice. The tendency, 
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perhaps, is to use too much water, since this is the easy way to get the 
coal over the jigs. For the most efficient removal of sulfur and other 
impurities, the least possible water should be used. The feed water is 
an important factor in both jig and table practice. In table work it 
takes about three times as much feed water as dressing water and the 
total consumption varies from 1 ton to 2 tons of water per ton of coal 
handled. It is essential that the coal be wet before going through the 
washer. As for water consumption on jigs, I am informed that the 
Delamater single-ceU jig uses tons of water per ton of coal. Our 
experience on a two-compartment jig is that it takes about 334 of 
water per ton of coal. A good figure is from 3 to 4 tons of water per 
ton of coal on a two-compartment jig. The renewal water is that which 
is carried off by the coal and refuse, loss by evaporation, leakage, etc., 
and may be safely covered by 50 or 60 gal, per ton of coal. This question 
of water consumption and renewal is important in arid sections like 
little Egypt where our washery is located and where we have had to 
construct a mammoth reservoir to provide the water required. 

Mathematical Formulas 

Another most interesting thing in the coal-washing game is the 
diversity of the mathematical problems. I wish to touch briefly on these 
mathematical considerations, though I appreciate the fact that every 
technical washery man, or table man, may have his own pet way of doing 
things. . In the past I have always used straight arithmetic and that part 
of it referred to as alligation alternate,, which I learned in the early days 
after some struggle. For instance, given the analysis of the feed coal, 


washed coal and refuse, it is comparatively easy 

to calculate the percent- 

age of refuse, thus, 










Feed 

Washed Coal 

Tails 

Ash, per cent 



14.48 

6.98 

55.42 

Sulfur, per cent — 



3.53 

2.41 

10.40 

Total, per cent 



18.01 

9.39 

65.82 




47.81 

47.81 



18.01 

9.39 

8.62 

58.43 ^ 

= 84.7 per cent. 

, washed 
coal. 


47.81 

8.62 

8.62 





65.82 

56.43 

56.43 X 

= 15.3 per cent., refuse. 


In a similar manner the percentage of refuse can be calculated from 
either the ash or the sulfur determination alone when very accurately 
determined and the results should agree within reasonable limits. In 
general, the mathematical deductions are more accurate than the actual 
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weights under ordinary conditions of obtaining the latter. The under- 
lying piinciple of alligation alternate can readily be formulated as follows: 

Let H = chemical analysis, raw coal, W = chemical analysis , washed 
coal, and R = chemical analysis, refuse; then, 


H 


w 

H-W 

1 

R 

I R-H 1 


R~H 

H -W 

R-W 


H 

R '-'W 

H -W 
R-W 


X 100 = per cent, washed coal. 


X 100 = per cent, refuse. 


R-W 


Or, inversely, equals ratio of ehmination and dividing 100 

by this figure gives the percentage of refuse, and 100 per cent. — per cent, 
refuse equals per cent, washed coal. 

(H — W)R 

In a similar manner, ~ cent, of elimination of ash 

or sulfur. Thus, in the example cited before, 

(14.48 - 6.98) X 65.42 , , 

(55 42 — 6 ' 98) ~ X 14 48 ~ 

(3.53 - 2.41) X 10.40 „ ...... , ,, 

(10 40 — 2 41) ' X 3 53 ~ “ sulfur. 


Recently, while investigating the work of the Dorr thickeners, I 
developed a formula for determining the percentage of solids in the 
influent, effluent, and underflow from the specific gravity of the various 
solutions, which seemed the most expeditious way of reaching conclu- 
sions rapidly without the tedious and laboratory way of filtering and 
weighing the solids, though this process should be followed at frequent 
intervals as a check. 

Let A = specific gravity of water, B = specific gravity of coal (say 
1.36), and X — specific gravity of solution in question; then. 


jS(Z - A) 
'x(b - A) 


X 100 = per cent, solids in solution. 


To illustrate, we will use the test on Dorr thickeners, the underflow 
having a specific gravity of 1.158. 


(1.158 - 1.000) X 1.350 
(LSSO”- l.Odd) X 1.158 


X 100 = 52.6 per cent, solids. 


The weighed percentage of sohds in the underflow was 52.8 per cent. In 
a similar way the amotmt of influent, efla.uent, and underflow of the Dorr 
tanks can be determined, given any one of the three quantities, from the 
specific gravities of the solutions and consequently the water consump- 
tion of the plant,' if no meter provisions are made. As it is compara- 
tively easy to measure the underflow, the calculation is usually made 
with this ^own quantity as to the amount in a given length of time. 

voii. Lxni.— 44 . 
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Reduction of Ash and Sulfur 

The literature of some of the jig and table manufacturers makes most 
extravagant claims regarding the reduction of sulfur by washing. Among 
the eastern coals, probably the most susceptible to^sulfur reduction is 
the Freeport, which may show as high as 50 per cent, reduction in sulfur 
by washing. The Southern Illinois coal is one of the most difficult wash- 
ing propositions, from a sulfur reduction standpoint, I have seen. We 
hope to attain a 40 per cent, reduction in sulfur when the washery is 
^Huned up.^’ In general, we may say that any coal operator contem- 
plating the installation of a washery for the reduction of sulfur may 
figure on from 25 to 40 per cent, reduction of sulfur under ordinary con- 
ditions. He is particularly fortunate if he has a coal that will permit 
better results. As to ash reduction, there is not much trouble. Prom 
50 to 60 per cent, reduction in ash is not beyond the range of possibilities. 
However, the percentage of ash and sulfur reduction is not to be con- 
fused with ash and sulfur elimination, which is much higher and calcu- 
lated according to the formulas set forth in the discussion of “mathe- 
matical formulas.” 


Sink and Float Tests 

I am a strong advocate of the use of the sink and float tests for wash- 
ery control, as I know of no better way of determining the efficiency of 
the jigs or table. The specific gravity of the solution used naturally 
depends on the coal to be tested but usually a solution of 1.35 or 1.40 
specific gravity will cover the range. Frequent tests should be made 
on the refuse and the washed coal in a properly designed sink and float 
machine, using solutions of the same strength for each. As a general rule, 
the loss of good coal in the refuse should not be much more than 1 per 
cent, of the input to the washery, which is considered good washing 
practice. This means that, if there is a washery loss, or refuse, of 15 
per cent., the float in the refuse should range from 7 to 10 per cent. The 
sink in the washed coal should be held to the minimum, also, to obtain 
the most efficient reduction of impurities, though there is no loss of prod- 
uct as in the case of float in the refuse. 

The sink and float tests on the raw coal may not be a correct guide 
as to the results to be obtained by washing but it gives some indication 
of the possibilities. I have always maintained that the actual washing 
operation ought to produce a lower sulfur than is indicated by the deter- 
mination of the sulfur in the float on the raw coal, due to the fact that 
water in a jig is much thinner than' the dense heavy solutions used for 
making sink and float tests, and thus permits a separation of the “float 
sulfur,” With this in view it may be pennissible to multiply the sulfur 
in the float by a factor, say 0.9, to give the sulfur in the washed coal by 



J, R. CAMPBELL 


691 



Fig. 2.---Flow 0HBBT, Mipblepori: Washer y, U. S. Fuel Co. 
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jigging or tabling. Thus, if the sulfui* in the float from the raw coal 
is 1.50 per cent, then 1.5 X 0.9 = 1.35 per cent., the sulfur in the 
washed coal. 





Fig. 3. — Unloading station poe pobbign coal. 


CoNCLTTStON 


I am indebted to Mr. G. R. Delamater of the Bethlehem Steel Co. 
for the flow sheet of the Middlefork Washery, shown in Pig. . 2. The 
flow sheet is not quite correct in some points as some changes have 



Fig, 4.— Cettsheb HotrsE and 4000-ton stobaqb bin. 


been made in the crushing plant and the manner of handling the Sludge 
but it shows the general layout. Mg. ’3 Shows the uhloading station for 
foreign coal, with the tipplib an,fl crusher house in the background; and 
Fig. 4 shows the crushCT house t^th the 4000-ton storage bin for crushed 
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coal to the right. Finally, as this paper is written several months be- 
fore its presentation and before all experimentation is completed at the 
Middlefork washery, some of the statements relating thereto may have 
to be qualified somewhat after full experience in operation. 

DISCUSSION 

G. R. Dblamatbk,* Steelton, Pa. (written discussion f). — Under 
the heading, “Preparation of Coal,” Mr. Campbell discusses the ad- 
visability of sizing the coal for the jigs. While I fully realize that 
conditions alter cases, my method at all times is to do everything possible 
to avoid sizing. It would be unwise for anyone to say that greater ash 
and sulfur reduction is impossible by sizing. The thing that can be 
questioned is, will the greater reduction ‘be sufficient to counterbalance 
the greater cost? The same thing is true of the proper size of crushing 
for each individual proposition. 

In past years many washeries have been built and equipped for wash- 
ing two or more sizes, but I know of few instances where these plants were 
operated more than a year before sizing was abandoned. Perhaps in 
some of these cases this was due to lack of sufficient development of such 
scheme of operation; yet I have found that most men engaged in this 
work, including myself, started into the work with a pretty well-fixed 
idea that sizing would be beneficial. But trials and tests showed that 
the mixed size washing is necessary for coals requiring crushing to 1 in. 
or less. 

Coal is of low value, compared with other minerals segregated 
by washing or concentration, for which reason simplicity must be the 
watchword: simplicity in the machine used to attain the separations of 
impurities from the coal, in the accessory plant equipment, and in its 
arrangement. 

Mr. Campbell mentions the quite recent introduction of concentra- 
tion tables in the washing of coal. It must be admitted that good results 
in many cases have been obtained, in so far as ash and sulfur reduction 
are concerned, yet tables also are open to some very serious objections. 

The greatest troublemaker to the washery operator is fine coal. It 
is largely responsible for excessive coal losses. It clogs the water-pipe 
lines and the jig hutches; and if care is not taken in pump-sump design, 
the building up of fines and the sudden release to the pumps causes many 
hours of work and expensive delay. This, therefore, makes important 
the advisability of careful investigation to determine whether any appre- 
ciable ash and sulfur reduction can be attained in the washing of the 
fines or whether the fines carry any considerable quantity of the impuri- 


* Coke Oven Dept., BethleKem Steel Co. f Received Oct. 28, 1919. 
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ties. In many cases they do; in many others they do not. Recent de- 
velopments in screening apparatus have made it possible to screen where 
screening has been impossible before; this is a feature to which the writer 
is giving much study at the present time. 

Mr. Campbell’s reference to single- or multiple-compartment jigs is 
of much interest' as this is another feature in which experience has entirely 
altered my views. At first, it seemed that the more compartments there 
were the more rewashing the coal received and the better the results must 
be. While there are certain conditions under which two or more com- 
partments can, and possibly should, be used, several years, of careful 
experimenting have led me to believe that these conditions seldom, if 
ever, exist in coal washing. The water flow and pulsation strength are 
governed by the size and nature of the material treated. Coal containing 
considerable refuse material of high specific gra-vity requires greater -v^ater 
flow and pulsation than coal containing only refuse material of a medium 
specific gravity. In the multiple-compartment jig, the hea'viest refuse 
is admittedly removed in the first compartment, so the second compart- 
ment should have a smaller water flow and strength of pulsation. While 
the outside water feed to the second compartment maybe less than to the 
first, and the pulsation is easily made suitable, it is impossible to avoid 
the water that flows from the first to the second compartment with the 
washed coal. This but multiplies with each added compartment until 
the cross flow seriously affects the proper action on the bed by the pulsa- 
tion and undesirable disturbances of the bed result. If dewatering were 
effected between each compartment, this would be avoided. My experi- 
ence has been that the main claim for multiple-compartment jigs is 
capacity per jig, but this does not mean per square foot of screen sur- 
face, and that three single-cell jigs with a total screen area equal to that of 
a three-cell jig will treat an equal tonnage at higher efficiency on ac- 
coimt of better control of water flow and pulsation strength and because 
it is necessary to send only one-third the tonnage of coal over any given 
square foot of the total screen area employed. 

The value of a jig over a table is the ability to maintain the mixed 
area of the bed p^'actically stationary between the two points of removal 
of washed coal and refuse. Water disturbances that break up this 
“dead line” ruin the effectiveness of the jig. 

Mr. Campbell’s statement that any jig that will not produce only two 
clean products — ^washed coal and refuse — ^is inefficient is possibly mis- 
leading. I agree that a jig should be capable of such performance but 
there are good coking coals that are separable into three products: first, 
the greater percentage suitable for coking; second, a small percentage 
acceptable only as refuse; and, third, a fair percentage that is neither good 
enough for coking nor poor enough to throw away as refuse. First 
washing should segregate only the coking coal and the refuse should be 
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rewashed to segregate the middlings. While attempts have been made 
with Jigs to produce three products in operation, I have always found 
them inej0S.cient. 

I have experimented for over 5 years with centrifugal driers and must 
admit that they alone will not Successfully dry fine coal when designed 
for continuous operation. While great claims are made for special sys- 
tems of draining bins and pits, one has only to visit washeries so equipped, 
observe the auxiliary equipment added and question the operator of the 
plant, to learn that these have failed to satisfactorily solve this problem. 
With this feature still unsolved, the concentration table has serious 
drawbacks, unless it is necessary to wash the fine coal separately. The 
fact should be borne in mind, in the study of these questions, that 
coal washing is each day becoming more closely allied with the bypro- 
duct coke plant and high moisture cannot be countenanced in the coal 
to such ovens. We must forget the loop-holes the beehive oven let us 
crawl through in the past. 

I have never doubted the ability of Dorr thickeners to clarify the water 
but have seriously doubted the finding of a successful way to handle the 
underflow or sludge. To send it to the dewatering buckets or to the cen- 
trifugal driers was sure to result as the author states; to pump it directly 
onto the dried coal after the centrifugal driers has the great advantage, as 
stated by the author, of sure elimination from the washery system, yet the 
added moisture is a serious drawback, particularly where the washed 
coal is loaded on cars for shipment. This is another argument in favor 
of elimination of the fines, unless, as Mr. Campbell says, someone devises 
a successful dry concentrator. 

Mr. CampbelFs statement that '^mathematical deductions are more 
accurate than the actual weights,^’ etc. agrees with my experience. It 
should be added, however, that analyses should be based on large and 
frequent sampling. The plant of the future should be equipped with auto- 
matic samplers, not put in as an after thought but designed in with Just 
as much careful attention as any other part of the equipment. Thousands 
of dollars are frequently spent on laboratories and chemists to work on 
samples that are not representative. 

G. H. Elmoee, Philadelphia, Pa. — ^Not so many years ago, those of 
us who were engaged in this line of work had an idea that, if anyone 
brought to us a coal that contained 2^ per cent, sulfur, we could probably 
wash it down to about 1)4 f ^i^at you could take 50 per cent, of the sulfur 
out of the coal by good, careful washing. That conclusion was absolutely 
wrong. Furthermore, to simply get an assay of a coal and then try to 
divine what can be done to that coal by careful washing is utterly impos- 
sible. I would rather depend on a physical and visual examination of a 
coal than a mere assay of it. 
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Another belief was that the sulfur followed the ash; consequently, if 
you could get the ash out of the coal, you could get most of the sulfur 
with it. That was an off-hand rule and was founded on limited experi- 
ence, but as a rule, it is not true, although there are cases where it would 
seem to be. Exceptions are so much at hand all the time in studying 
this problem of the removal of sulfur from coal that we cannot form any 
rule about them. I have recently been investigating coal from Brazil. 
It is a very high-ash coal, as are most Brazilian coals. The raw coal runs 
30 to 40 per cent, ash and from 4 to 5 per cent, sulfur. The washed coal 
carries between 16 and 17 per cent, ash, and 0.02 to 0.03 per cent, sulfur. 
In other words, here is a very high-ash and high-sulfur raw coal, which, 
when washed, makes a washed coal almost free from sulfur. I have never 
seen anything like it. As a washed coal, it is one of the lowest in sulfur 
and one of the highest in ash. 

In another case, regarding which several of us are more or less familiar, 
where the sulfur runs approximately 3 per cent, of the raw coal, the best 
washed coal that can be obtained has on the average about 2J4 P^r cent, 
sulfur. A visual examination of this raw coal shows scarcely any sulfur 
at all, being a nice, black, clean coal, and, from the standard of either the 
finished product or the assay, is entirely deceiving as to the possibilities 
involved for removing the sulfur from it. The only way to determine the 
results that can be obtained from the washing process is to make a very 
carefully conducted washing test; you cannot take anything for granted 
from start to finish. If the investment to be made is a large one, the test 
should not stop until you have actually built a full-sized machine and 
other necessary equipment, erected it at the mine, and made a series of 
test runs under varying conditions, of maximum size, etc. Then put the 
coal through the coking plant in sufficient tonnage to get regular runs in 
the blast furnace. 

C. A. Meissner, Brooklyn, N. Y.— We have not said anything about 
the coal washery at Middlefork as yet, because we are not ready. Mr. 
Campbell correctly states that a good deal of the work is strictly in an 
experimental stage. We have gone in on a large scale based on a large 
amount of work that was done in an experimental washery at Joliet, 
under Mr. Carl Wendell, and I think we are going to obtain all the results 
we expect. What has interested us very much indeed is this discussion 
on the question of organic sulfur. We have naturally felt that we ought 
to be able to reduce our sulfur quite materially. We have seen other 
mines where table work has reduced sulfur to a very remarkable degree, 
and we have often wondered why we could not do similar work. If, 
however, we have from 1 to IJ^ cent, of organic sulfur in our Illinios 
coals, we must not forget that we cannot wash it out. It is going to stay 
there. 
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I want to call attention to another point, that is, the form or the 
occurrence of sulfur in the coal in the seams. We have a rather cu- 
rious condition at Middlefork. The center of our seam will be a fairly 
low sulfur, from to 234 per cent. The upper portion of the seam, as 
I remember about 6 or 8 in., will run up from 234 7 per cent, in sulfur. 

The lower part, also, say 6 or 8 in., may nm from up to 6 per cent, 
in sulfur. The middle of the seam takes in a large portion of the vein 
and is fairly averaged in sulfur as against the variations in the upper 
and lower portions. There is a problem for the geological part of the 
subject that may be given some study. * 
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Coals of Ohio and Their Limitations for Byproduct Coke 

BY WILBEB STOTTT,* COLUMBUS, OHIO 
(Chicago Meeting, September, 1919) 

In Ohio, the annual output of coke made from native coals has aver- 
aged not more than 70j000 tons, or about enough to run a 200-ton blast 
furnace. Raw coal- locally mined from the Sharon, or No. 1, bed was 
used for iron smelting in Mahoning furnace at Lowell-ville, Mahoning 
Co., as early as 1846. This practice was continued in the Youngstown 
district until the coal became scarce and the Connellsville coke more 
popular. At present, the Sharon bed contributes a part of the fuel for 
the production of ferrosihcon iron at Jackson, Jackson Co. About one- 
third native coal and two-thirds soft coal are used. 

In this state, coke, on a commercial basis, was first made in Jefferson 
County probably about 1861 or 1862. The coals used were the Steuben- 
ville Shaft, or Lower Freeport, and the Strip Vein or Middle Kittanning. 
The practice, however, was .discontinued before 18.80 because of the com- 
petition of superior foreign cokes. Beehive ovens, later buUt at Leetonia, 
Columbiana Co., were operated for only a few years; the coal used at 
this place is the Lower Kittanning or No. 5. In a desultory way, slack 
from the Pittsburgh coal has been coked at a few places in eastern Ohio, 
and attempts, either for experimental or for commercial purposes, have 
been made in other parts of the state, Small quantities of coke were 
made from the Upper Freeport coal at Salineville, Columbiana Co., 
and near Nelsonville, Hocking Co.; the results were poor. Tests were 
made of the Middle Kittanning coal near Zanes-vdle, Muskingum Co., 
at Moxahala Furnace, Perry Co., and at Washington Furnace, Lawrence 
Co. ; the cokes were all high in sulfur and ash. Attempts were made to 
coke the Clarion coal. at Vinton Furnace, Vinton Co.; a small battery of 
molding ovens and a pile of high-sulfur coke yet remain to tell the story. 
The Pittsburgh coal was coked on a commercial scale at Utley and at 
Lathrop, Athens Co., but the operations were not successful and were 
soon abandoned. 

These failures and indifferent successes are not to be attributed to a 
lack of demand for a first-class coke, as Ohio has held a commanding 
place for many years in iron smelting; nor to a deficiency of coals, as the 
state has a vast reserve of such material. They are to be ascribed to the 
inferior quality of the native products offered to the trade. The cokes 


* Assistant Geologist, Geological Survey of Ohio. 
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were too high in ash and sulfur or were wanting in structure. Some of 
the purest coals have but little cementing property whereas others 
with high sulfur and ash have, at least, fair bonding qualities. Further, 
Ohio coals are all high in moisture and volatile matter and, therefore, give 
low yields of coke. Broadly speaking, this state has no coals available 



Fig. 1. — Coal FIELDS op Ohio. 


in large quantities and at a low cost that will make a first-class coke in 
the beehive oven. 

The introduction of the retort oven, however, has changed the situa- 
tion somewhat. ' Coals hot succesrfuUy coked in the beehive oven may 
make a fair product in the byproduct oven. Further, mixtures ^ coals 
(rften give good results.-: B^des the coke, other products 








700 COALS OF OHIO AND THEIB LIMITATIONS FOB BYPBOLXJCT COKE 

also obtained and the yield of these is high with the highly volatile coals. 
In this state, the future prospects are good for the sale of the excess oven 
gas for domestic and industrial purposes as the supply of natural gas 
seems near exhaustion. The byproduct oven is a profitable investment 
in Ohio as attested by the number that have been built and are now under 
construction. These plants are widely distributed over the state, the 
kinds and locations are given in Table 1. Besides, there was under 
construction by the Domestic Coke Corpn., Cleveland, a 60-oven plant, 
of the Semet-Solvay type, with an annual coke capacity of 311,000 tons. 


Table 1 . — Byproduct Coke Plants in Ohio, Jan, 1, 1919* 


Name of Company 

Number 
of Ovens 

Kind of 

Oven 

Annual Coke 
Capacity 

Cleveland Furnace Co., Cleveland 

; 100 

Semet-Solvay j 

337,500 

Republic Iron & Steel Co., Youngstown i 

1 134 

Koppers 

744,600 

Youngstown Sheet & Tube Co., Youngstown. . 

1 306 

Koppers 

1,425,000 

Toledo Furnace Co., Toledo 

1 94 

Koppers 

408,600 

United Furnace Co., Canton 

i 47 

Koppers 

204,400 

Hamilton Otto Coke Co., Hamilton 

! 100 

Otto 

168,000 

River Furnace Co., Cleveland 

204 

Koppers 

960,000 

LaBelle Iron Works, Steubenville 

1 94 

Koppers 

445,000 

Brier Hill Steel Co., Youngstown 

1 84 

Koppers 

379,000 

Portsmouth-Solvay Co., Portsmouth 

! 108 

Semet-Solvay 

559,000 

National Tube Co., Lorain, 0 

1 208 

Koppers 

850,000 

Ironton Solvay Coke Co., Ironton 

60 

Semet-Solvay 

311,000 

American Steel & Wire Co., Cleveland 

180 

Koppers 

750,000 

Dover By-Product Co., Dover, 0 

24 

Roberts 

100,000 


* List furnished by M. J. Tucker, Librarian, Iron Trade Review, Cleveland, Ohio. 


These operations are all successful, although they are handicapped 
by having to haul their coals from places in Pennsylvania, West Virginia, 
and eastern Kentucky. When the additional expense of transporting 
coke over coal is considered, but little lowering of cost is gained by plac- 
ing the ovens in the coal fields; moreover, the products are not so readily 
handled.' In none of these plants have Ohio coals been used regularly, 
even as a part of the charge, except in the Roberts oven at Dover. The 
only byproduct plant in Ohio using local coal exclusively is at Tunnel 
Hill, Coshocton Co., which has been in operation, about 3* years. In 
this a cannel coal obtained from the hills nearby is coked chiefly for its 
coal-tar products, the yield of which is high. . The coke p;t'oduced is not 
of metallurgical quality. 

Stbxtgtxjbe and Disteebution of Coal-beabing Rocks 

The chief coal-bearing rocks of Ohio are of Pennsylvanian age, al- 
though the deposits laid down during Dunkard time contain a few thin 
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Table 2. — Stratigraphic Rdaiions 


General Description 


Washington “A*' Coal, thin, unsteady 2 

Interval 60 

Washington Washington Coal, persistent, shaly 5 

Interval 65 

Waynesburg “A” Coal, impure, rather steady 2 

Interval 38 


Monongahela. 


Conemaugh. 


Pottsville, 


Waynesburg, No. 11 | Coal, persistent, shaly 3 

I Interval 60 

Uniontown, No. 10 i Coal, locally developed 3 

, Interval 107 

Meigs Creek, Sewickley, No. 9. . . Coal, persistent 4 

Interval 34 

Pomeroy, Redstone, No. 8a Coal, locally developed 4 

Interval 30 

Pittsburgh, No. 8 Coal, persistent 5 

I 


Interval 188 

Harlem Coal, persistent, but thin 1 

Interval 28 

Barton Coal, thin, unsteady 1 

Interval • 29 

Anderson Coal, persistent, thin 2 

Interval 23 

Wilgus Coal, locally developed 3 

Interval 56 

Mason Coal, unsteady, thin 1 

Interval 30 

Mahoning Coal, persistent, usually thin 1 

Interval 37 



Interval • 22 

Tionesta, No. 3b Coal, usually thin 4 

Interval 17 

Bedford Coal, unsteady, in places oannel 

coal 2 

Interval 14 

Upper Mercer, No. 3a. Coal, unsteady 3 

Interval 36 

Lower Mercer, No. 3. Coal, thin, unsteady 2j 

Interval 74 

Quakertown, No. 2 Coal, locally developed 3 

Interval 87 

Sharon, No. 1 Coal, unsteady 3 
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beds of low-grade fuel. The total thickness of such strata is, approxi- 
mately, 1500 ft, (457 m.) Of this, not to exceed 70 ft. (21 m.) is coal, 
much of which is found in beds too thin to he of value except for local 
domestic purposes. The coal fields lie in the eastern and southeastern 
parts of the state and have a total area of over 10,000 sq. mi. (2,589,900 
ha.) The Pennsylvanian system is divided into four formations, the 
Pottsville, Allegheny, Gonemaugh, and Monongahela; and the Dunkard 
series into two, the Washington and Green. These formations are 
further subdivided into members. The chief stratigraphic relations are 
shown in Table 2, in which the average thicknesses of the coals in the 
main and not for the total area are given. The intervals separating 
the beds are normal for the state. 

Pottsville Formation 

The Pottsville, the oldest formation in the Pennsylvanian system, 
extends southward from Trumbull and Geauga Counties, on the north, 
to the Ohio River, on the south, in Scioto and Lawrence Counties. The 
belt varies from 10 to 40 mi. (16 to 64 km.) in width but averages o^y 
about 16 mi. This formation is nearly 260 ft. (76 m.) thick and contains 
at least ten well-defined coal beds of which, however, only four have 
been mined for railroad shipment; in fact, only two beds have been 
extensively mined. In general, the quality of the Pottsville coals is 
excellent but they have little coking property. 

Sharon or No. 1 Cod.— The Sharon or No. 1 coal lies on or not far 
above the Sharon conglomerate, the basal member of the Pottsville 
formation. Its position is also about 90 ft. (27 m.) below the Quaker- 
town, or No. 2, coal. It is confined to two small areas, one in the north- 
ern part of the state, centering around Massillon, Stark Co., and the 
other in the southern part, lying near Jackson, Jackson Co. In these 
fields, the bed is broken into somewhat isolated and irregular pockets, 
which causes trouble and expense in mining. The Massillon is by far the 
larger and more important and embraces parts of Stark, Wayne, Summit, 
Portage, Medina, Mahoning, and Tuscarawas Counties; only a small 
part of the area, however, contains coal. At present the field is only a 
small producer as much of the coal has been exhausted. This fuel was 
formerly used quite extensively in the raw state for iron smelting in 
ijhe Youngstown district. The following section is about typical for 
the bed: 

Feet Inches 

Shale and sandstone 30 0 

Coal, Sharon 4 6 

Clay, siliceous 4 0 

Conglomerate, Sharon 30 0 



WltBEB STODT 


703 


Where present, the thickness of the Sharon coal varies from 1 to 7 ft. 
(0.3 to 2.1 m.) but the usual measurement is between 3 and 5 ft. (0.9 and 
1.5 m.). The bed is not regularly separated into benches by partings but 
in places it contains thin layers of bony material. Sulfur balls are un- 
common. The roof is shale, strong and durable, and the floor is a siliceous 
clay, well able to support the weight of the overburden. Under such 
conditions a high yield of fuel is obtained from a given area. The average 
quality of the coal is shown by the following analysis; Moisture, 5.52 
per cent.; volatile matter, 37.60 per cent.; fixed carbon, 52.84 per cent.; 
ash, 4.04 per cent.; sulfm, 1.17 per cent. In parts of the field, the sulfur 
is considerably below 1 per cent. The moisture, volatile matter, and 
fixed carbon are rather constant and the ash seldom exceeds 6 per" cent. 
The coal is open-burning and non-cementing and therefore not fitted for 
coke making. Moreover, the yield in the byproduct oven would be low. 

In the Jackson district, the Sharon coal is confined to parts of Scioto, 
Liberty, Coal, Washington, and Jackson townships, Jackson Co., and 
to Marion, Beaver, and Jackson townships. Pike Co. The total area is 
approximately 28 sq. mi. of which not more than 15 sq. mi. is left for 
future consumption. This is so broken, however, that but httle of it 
could be mined in a large way. The foUowing.section is representative 
of the coal worked at present : 



Feet 

Inches 

Shale 

20 

0 

Coal, good 1 

/ 2 

9 

Coal, bony J 

1 

2 

Clay, siliceous 

1 

0 

Conglomerate, Sharon 

40 

0 


The Sharon coal in the Jackson district varies from 2 to 5 ft. in thick- 
ness but averages close to 3 ft. The conditions for mining are good 
except that the coal lies on the imeven floor of the Sharon conglomerate 
and therefore contains rolls and dips. The composition is: Moisture, 
8.20 per cent.; volatile matter, 32.88 par cent.; fixed carbon, 52.55 per 
cent.; ash, 6.37 per cent.; sulfur, 0.49 per cent. The Sharon coal in the 
Jackson district contains less sulfur than any other coal in the state 
and on this account it has been regularly used for many years for iron 
smelting. The ash is claylike in character and in local areas of the 
field is high. The coal is non-coking and in every respect similar to the 
Massillon. 

The unfortunate thing is that the supply of Sharon coal in either the 
Massillon or the Jackson district is scarcely sufiicient tp warrant the 
establishment of important works. Mixtures of this coal with a high 
cementing coal, for example standard Connellsville from Pennsylvania, 
should give a product of metallurgical quality. A half-and-half mixture 
of these two coals should give a yield of approximately 62;24 per cent. 
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coke, ^ having an analysis about as follows : volatile matter, 1.61 per cent. ; 
fixed carbon, 89.56 per cent.; ash, 8.83 per cent.; sulfur, 0.90 per cent. 
No tests, however, have been made with such a mixture of coals to deter- 
mine the yield and structure of coke. The results may be unsatisfactory. 

Qucihertown, Wellston, or No. 2 Cool . — In ascending order, the next 
coal of importance in the Pottsville formation is the Quakertown, or 
No. 2, which is also known as the Wellston and Jackson Hill coal. It 
lies on the average about 90 ft. (27 m.) above the Sharon coal and nearly 
100 ft. below the Lower Mercer limestone, which is a useful bench for 
reference, and is confined to two small areas in southern Ohio, ozre 
around Wellston, Jackson Go., and the other near McArthur, Vinton Co. 
The Wellston field, which has been worked sihce 1872, is by far the larger. 
The total area of the field is nearly 40 sq. mi., but not more than 15 sq. 
mi. remains for future mining. In the part first worked, but now prac- 
tically exhausted, the bed is 3 ft. to 4 ft. 6 in. (0.9 to_1.3 m.) thick but 
in that now mined it will not average over 2 ft. 6 in. For domestic 
purposes, this fuel has had a wide reputation for many years. The 
quality of the coal is shown by the following analysis: Moisture, 9.29 
per cent.; volatile matter, 32.96 per cent.; fixed carbon, 54.26 per cent.; 
ash, 3.49 per cent.; sulfur, 1.25 per cent. 

The bed is quite free from shale or clay partings and from nodular 
pyrite. The roof is a tough shale and the floor a siliceous clay, both 
favorable for high yields in mining. For a thin coal, all the mining con- 
ditions are excellent. In the McArthur field, the members average 
about 3 ft. in thickness but the known area is only a few square miles. 
The quality of the fuel is excellent, being low in both sulfur and ash. 

The Quakertown is one of the purest coals in Ohio and the structure 
of the bed is such that but little extraneous material is introduced into 
the fuel in mining. It is a free-burning, non-cementing coal and therefore 
is not suited for coke making. The cost of mining a thin bed and the 
STY) all supply now known are also conditions unfavorable even for using 
it as a part of the burden. The Quakertown coal must be excluded from 
the list for making byproduct coke. 

Lower ' Mercer, No. 3 Coal— The Lower Mercer, or No. 3, coal lies 
from 10 to 30 ft. (3 to 9 m.) below the Lower Mercer limestone and is 
very pnsteady in its extension across the state, being wanting in many 
places. Where present it is usually thin, seldom expanding to as much 


- ‘ In calculations used in this paper involving Pittsburgh or No. 8 coal from Peim- 
sylvania the composition is assumed to be as follows: Moisture, 2.60 per cent.; vola- 
tile matter, 31.80 per cent.; fixed carbon, 58.64 per cent.; ash, 6.96 per cent.;sulfur, 
1.08 per cent. The yield in coke in the byproduct oven is considered to be the fixed 
carbon plus the ash plus 1 per cent, for unexpelled volatile matter and deposited 
carbon from dissociated paraffins. The loss in sulfur is taken to be one-half or one 
atom of sulfur split off from the pyrite molecule. 



WILBER STOUT 


705 


as 3 ft. In general the quality of the fuel is poor as it is high in sulfur 
and ash. In a few places, cannel coal is present on the horizon. The 
Lower Mercer member has furnished no coal for railroad shipment and 
only small quantities even for local domestic purposes. 

Upper Mercer, No. 3a, Coal . — The normal position of the Upper 
Mercer, or No. 3a, coal is about midway in the interval between the 
Lower Mercer and the Upper Mercer limestones. In the southern part 
of the state, the member is present with some regularity but in the central 
and eastern parts it is more uncertain. The thickness of the bed is 
seldom as much as 3 ft. (0.9 m.) and usually is below 2 ft. The quality 
of the fuel is generally very good, as it is low in sulfur and ash. The 
Upper Mercer coal has been mined only for local domestic purposes. 

Bedford Coal . — The Bedford member, also belonging to the Mercer 
group of coals, lies directly, or at most only 1 ft. (0.3 m.) or so, below 
the Upper Mercer limestone. It is unsteady in extent and thickness 
and variable in composition and structure. It is found in local areas in 
Muskingum, Licking, Coshocton, Tuscarawas, Holmes, Stark, and Mahon- 
ing Counties. The best known field is in Bedford Township, Coshocton 
Co., where it has excellent thickness over a few square miles and where 
it is represented by both cannel and bituminous coal. The thickness 
varies from 3 to 9 ft. but averages about 5 or 6 ft. The following section 
taken near the village of Mohawk, Coshocton Co., shows the stratigraphic 
relations : 


Feist Inches 


Flint, gray, calcareous 
Shale 


Limestone, gray, shaly ^ Upper Mercer. 
Shale, gray . 

Flint, black. 

Coal, bituminous, with bony partings 
Coal, cannel 

Shale and covered 

Limestone, Lower Mercer 


Bedford 


1 

2 

2 

1 

2 

5 

14 

3 


3 

2 

2 

8 

9 

2 

6 

0 

6 


The bituminous coal occurring with the cannel is usually of poor 
quality as it is high in ash. The mining conditions are very good. The 
quality of the cannel coal is shown by the following analysis: moisture, 
2.35 per cent.; volatile matter, 47.05 per cent.; fixed carbon, 37.00 
per cent.; ash, 13.60 per cent.; sulfur, 2.33 per cent. At present this 
coal is coked by one plant chiefly for its coal-tar products; the coke is 
not of metallurgical quality. 

Tionesta, No. 36, Coal . — The Tionesta, the highest coal bed in the 
Pottsville formation, lies about midway in the interval between the Upper 
Mercer and the Putnam Hill limestones. It is very unsteady, appearing 
in workable thickness only in small isolated areas across the state, the 
largest of which are found in Scioto, Jackson, Vinton, Tuscarawas, and 

VOL. Lxni.— 45 . 
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Stark Counties. In the best developed areas, the bed is from 3 to 6 ft. 
thick and is usually broken by one or more partings. At present, 
this coal is mined for railroad shipment only near McArthur in Vinton 
County. The section here follows: 

Fest Inches 

Shale, calcareous, fossiliferous 10 0 

Coal, part bony . . ] f 1 4 

Clay j' Tionesta | 7 

Coal, part cannel . J [3 8 

Clay, siliceous 4 0 

The Tionesta coal is usually high in ash that is clay-like in character. 
It is a free-burning fuel with little cementing quality and therefore not 
fitted for coke making. Further, the areas in which the coal has work- 
able thickness are too small to yield the large quantities of fuel demanded 
for byproduct ovens. 

Allegheny Formation 


The Allegheny is the most important coal-bearing formation. It 
extends in a belt from Mahoning County, on the north, across Stark, 
Tuscarawas, Coshocton, Muskingum, Perry, Hocking, Athens, Vinton, 
and Jackson Counties to Lawrence County on the Ohio River. The 
thickness of the formation varies from 150 to 250 ft. and averages nearly 
200 ft. (60 m.). It contains six weU-defined coal beds, five of which have 
been mined in a large way. It begins with the Brookville, or No. 4, coal 
and ends with the Upper Freeport, or No. 7, member. 

BrooJcvillej No. 4, Coal . — The Brookville coal, the basal member of the 
Allegheny formation, lies directly below the Putnam Hill limestone 
where this member is present. This coal is locally developed in parts of 
Vinton, Coshocton, Tuscarawas, Holmes, Wayne, and Stark Counties. 
The bed has been mi n ed at only a few places for railroad shipment but it 
has been worked in many localities for small supplies of domestic fuel. 
The largest field is in Stark and Tuscarawas Counties, where the l^ed 
is rather steady and from 3 to 6 ft. thick. The following section is 
about representative of the Brookville coal in the Canton district of 
Stark County:^ 


Limestone, Putnam Hill. 
Coal 


Clay 

Coal, bony. 
Coal 


Brookville. 


Feet 

5 



Inches 

0 

0 

2 

8 

2 


In Coshocton, Holmes, Wayne, and Vinton Counties, the best deposits 
have a thickness of about 4 ft. (1.2 m.) but they are usually confined to a 
few square miles in extent. The bed is commonly broken by partings of 


®01iio Geol. Survey, 6, 232. 





I V I 


clay and bone coal, which cause some trouble in keeping the fuel clean; 
otherwise the mining conditions are good. The quality of the Brookville 
coal is shown by the following analysis: moistme, 6.29 per cent.; volatile 
matter, 39.10 per cent.; fixed carbbn, 46.64 per cent.; ash, 8.97 per cent.; 
sulfur, 3.29 per cent. 

The Brookville coal has weak cementing properties but is never low in 
sulfur and ash. The coal in the lower part of the bed is more impme than 
that in the upper part but neither is of first-class quality. As the sulfur 
occurs both in the form of ps^rite and in that of organic sulfide, the fuel 
is but little improved by washing. Large quantities of Brookville coal 
are yet available but the quality excludes its use for byproduct coke. 

Clarion, No. 4a, Coal : — In ascending order, the second coal bed in the 
Allegheny formation is the Clarion, or No. 4a, which lies either directly 
or only a few feet below the Ferriferous or Vanport limestone and from 
20 to 35 ft. (6 to 10 m.) below the Lower Kittanning coal. It is present 
in the northeastern and southern parts of the state and is thin or wanting 
in the central part. Small deposits, varying from 3 to 4 ft. in thickness, 
have been worked in northern Columbiana County for railroad shipment. 
The quantity of fuel available in this part of the state is small and the 
quality poor. The important field of Clarion coal in Ohio is located in 
southern Vinton, eastern Jackson, eastern Scioto, western Gallia, and 
northern Lawrence Counties. The area is large and the bed persistent. 
The following section is representative: 

Feet Inches 


Limestone, Ferriferous or Vanport . 

Shale 

Coal ‘ 

Clay 

Coal * 

Clay with pyrite . . 

Coal 

Clay, siliceous 


Clarion . 


6 

1 

1 


0 

0 

3 
7 

4 
1 
0 
0 


The average thickness of clean coal is about 3 ft. 6 in. (1 m.). The bed 
is everywhere broken by the two partings and in places by thin layers of 
bone coal. The fuel produced by the ordinary methods of mining is 
dirty. An analysis of the coal is:® moisture, 5.34 per cent.; volatile 
matter, 38.94 per cent.; fixed carbon, 44.92 per cent.; ash, 10.80 per cent.; 
sulfur, 4.33 per cent. 

The Clarion coal cokes readily and yields a product of excellent struc- 
ture, as shown by the results obtained at Vinton Furnace, Vinton Co., in 
Welsh ovens. The ash and sulfur, however, are far above the limits de- 
manded for coals for byproduct practice. Washing lowers the ash 
considerably but it is not very effective in reducing the sulfur, for about 

3 Ohio Geol. Survey BuU. 9, 291. 
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half of this is present in organic combination and the remainder in dis- 
seminated pyrite. Moreover, the yield of coke from such a coal is low. 
Although present in large quantities and coking freely, the Clarion coal is 
thus excluded from the field of byproduct coke on account of its high 
ash sulfur. 

Lower Kittanning, No. 6, Coal . — The position of the Lower Kittanning 
coal is normally 20 to 35 ft. above the Ferriferous limestone and 25 to 45 
ft. below the Middle Kittanning coal. Although locally wanting, the 
member may be traced readily from the Ohio-Pennsylvania line in 
Columbiana County across Stark, Carroll, Tuscarawas, Coshocton, 
Muskingum, Perry, Hocking, Vinton, and Jackson Counties to the Ohio 
River in Lawrence County. This member is an important source of fuel 
in a number of districts in the state but the horizon is better known 
on account of the great bed of plastic clay associated with the coal. ^ The 
Lower Kittanning is one of the few Ohio cohls that coke freely but it has 
limitations due to detrimental impurities. It was coked in a small way 
for many years in the Leetonia field of Columbiana County. The prod- 
uct was somewhat brittle but otherwise had fair properties. The area 
is now largely exhausted hence it need not be considered further. In 
parts of Stark County, the bed is rather steady and from 3 to 4 ft. thick. 
The following measurement is about representative of the best deposits: 

Feet Inches 

Shale 

Coal 1 

Shale [ Lower Kittanning 

Coal j 

Clay 



In this county the analysis of the coal is, approximately, as follows: 
moisture, 3.83 per ceht.; volatile matter, 42.10' per cent.; fixed carbon, 
50.22 per cent.; ash, 3.85 per cent.; sulfur, 2.25 per cent. The sulfur 
occurs largely as pyrite in concretionary form' hence the coal would 
be improved by washing. The quantities yet available, however, are 
not large. 

The Lower Kittanning coal holds its thickness well and extends over a 
wide area in Tuscarawas County. The thickness varies from 2 ft. 6 in. 
to 5 ft. but averages more than 3 ft. (0.9 m.). The quantities of fuel yet 
available are large. In parts of the fields, the bed contains considerable 
pyrite in large nodules or sheets, which are usually bedded along definite 
zones; washing would remove most of this. The following measurement 
is about an average for the field: 

Feet Inches 


Shale 

Coal 

Shale with pyrite 

Coal 

Clay 


Lower Kittanning 


10 

2 

9 


0 

6 

2 

6 

0 
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The analysis follows: moisture, 4.30 per cent.; volatile matter, 40.83 
per cent.; fixed carbon, 46.67 per cent.; ash, 8.20 per cent.; sulfur, 3.43 
per cent. 

In a small field north of Newcomerstown, Tuscarawas Co., the Lower 
Kittanning coal is very pure, being low in both sulfur and ash. By choos- 
ing the best deposits of coal in the county, a fair grade of coke could be 
made but the yield would be low, approximately 56 per cent. The by- 
products, however, would be high and find a ready sale. 

In Guernsey, Coshocton, and Muskingum Counties, the Lower Kit- 
tanning coal i§ very unsteady and generally of poor quality. The con- 
tinuity of the bed is much better in Perry County, where large acreages 
are present in the northeastern and southern parts. The thickness of 
the bed varies from 3 to 5 ft. but averages nearly 4 ft. The section given 
below was obtained in Pike Township:^ 

Feet Inches 


Shale .... 
Coal .... 
Horn coal 

Coal 

Parting . . 

Coal 

Clay 


Lower Kittanning 


0 

0 

1 

1 

1 


7 

6 

1 

0 

H 

9 

0 


The approximate analysis of the coal in Perry County is: moisture, 
6.90 per cent.; volatile matter, 38.53 per cent.; fixed carbon, 47.32 per 
cent.; ash, 7.25 per cent.; sulfur, 2.90 per cent. 

Everywhere in the field the sulfur is high, seldom being below 2 per 
cent. ; the improvement by washing would not be sufficient to give a first- 
class product. The ash in the coke, however, could be kept below 10 
per cent. 

In its extension southward, the Lower Kittanning coal is not impor- 
tant until Jackson and Lawrence Counties are reached; here the bed holds 
fair thickness over rather large areas, expanding from 2 ft. 6 in, to 5 ft. 
The average measurement and structure are shown in the following 
section: 

Feet Inches 


Shale 

Coal 

Clay 

Coal 

Clay. 


Lower Kittanning 


20 

2 

6 


0 

4 

2 

6 

0 


The mining conditions are fair and with a little care the coal may be 
kept free from extraneous materials. The approximate composition 
is ; moisture, 6.43 per cent. ; volatile matter, 38.34 per cent. ; fixed carbon, 
47.22 per cent,; ash, 8.01 per cent.; sulfur, 2.29 per cent. Carload saih- 

^ Ohio Geol. Survey BuU. 9, 187. 
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pies of this coal washed and then coked in beehive ovens gave products 


with the following analysis 

Peb Cent. 

Peb Cent. 

Volatile matter 

2.95 

2.60 

Fixed carbon 

86,60 

88.85 

Ash 

10 45 

8.55 



Total. 

100.00 

100.00 

Sulfur 

1.004 

1.35 


The Lower Kittanning coal was coked for years by the Ashland Coal 
& Iron Co. at Ashland, Ky. The coke produced was of fair quality but 
the yield was low. By mixing this coal with Pocahontas or other good 
grades of West Virginia coal, both the 3deld and the quality of the product 
could be considerably increased. The Lower Kittanning member offers 
the best possibilities for coke making in the byproduct oven of any coal 
in southern Ohio. 

'Middle Kittanning y No. 6, CoaL — ^Bownockersays,® ^'The Middle Kit- 
tanning coal, on account of its quantity and quality, is the most valuable 
in Ohio. It is found along the state line in Columbiana County and can 
not only be followed with ease across the state to Lawrence County, on 
the Ohio River, but it is worked in every county where it should appear 
above drainage and in most of them on a large scale. It has its maxi- 
mum development in the Hocking Valley field in Perry, Hocking, and 
Athens Counties. The bed lies from 25 to 45 ft. (7.6 to 13.7 m.) above the 
Lower Kittanning coal and from 80 to 100 ft. below the Upper Freeport 
member. 

The Middle Kittanning coal is regularly present in the eastern and 
and southern parts of Columbiana County, but it has an average thick- 
ness of less than 3 ft. The quality of the fuel, however, is very good. It 
was coked for a number of years near Hammondsville but as the cost of 
mining was high the operations were finally abandoned. The thickness 
and quality of this coal are also much the same in Stark County, where 
the best deposits are found in the eastern and southern parts. The 
Middle Kittanning coal is present above drainage over much of Tuscara- 
was County and is largely mined both for local purposes and for railroad 
shipment. The bed varies from 3 to 5 ft. in thickness. The average 
measurement is about as follows: 


Fbbt Inches 

Shale 
Coal 
Shale 
Coal 
Clay, 


Middle Kittanning, 
siliceous 


JLU 

2 

I 

3 


u 

4 

2 

3 

0 


® Ohio Geol. Survey, Bull. 20, 386. 

® U. S. Geol. Survey Pro/. Popcr 100-B, 49. 
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In places, a few inches of bony coal appears above the main bed. 
Thin partings are also present in both the upper and lower benches of 
coal in some mines. The average composition of the fuel is: moisture, 
3.76 per cent. ; volatile matter, 41.31 per cent. ; fixed carbon, 48. 16 per cent. ; 
ash, 6.77 per cent.;- sulfur, 3.85 per cent. This analysis shows that the 
sulfur is far too high for byproduct coke. Washing improves the coal 
considerably but not to the extent necessary for good results. The thick- 
ness and composition of the Middle Kittanning coal in Coshocton and 
Muskingum Counties are much the same as in Tuscarawas. The quanti- 
ties of fuel available in both counties are large and the minin g conditions 
excellent. In the Hocking Valley district of Perry, Hocking, and Athens 
Counties, the bed has excellent continuity and swells to 5 ft. or more in 
thickness. It is regularly present in three benches, which in places are 
further separated by irregular bony layers. On the average, the Middle 
Kittanning coal in this district is lower in sulfur than it is elsewhere in 
the state. The structure of the coal in the main part of the field follows: 


Shale 

Coal 

Shale and bone coal 

Coal 

Shale 

Coal 

Shale 

Coal 

Clay, siliceous 


> Middle Kittanning. 


Feet 
10 
1 


1 

3 


Inches 

0 

8 

6 

0 

4 

6 

1 

6 

0 


The average composition is: moisture, 7.00 per cent.; volatile 
matter, 34.91 per cent.; fixed carbon, 51.38 per cent.; ash, 6.71 per 
cent.; sulfur, 1.32 per cent. In part of this field, the sulfur in the coal 
is less than 1 per cent, and the ash less than 6 per cent.; these could be 
considerably lowered also by washing. From clean coal, the yield of 
coke would be nearly 60 per cent, and the sulfur not above the standard of 
1 per cent. The Imitation, however, in the main Hocking field is that, as 
a whole, the Middle Kittanning coal has little coking power. The lower 
bench cements fairly well but the two above are lacking in this property. 
Satisfactory results could be obtained only by mixing it with some stand- 
ard coking coal such as Pocahontas. Using a mixture of one-half 
Hocking Valley and one-half Pocahontas No. 3, the yield in coke would be 
approximately 71.28 per cent.,^ the composition of the coke is: volatile 
matter, 1.40 per cent.; fixed carbon, 90.59 per cent.; ash, 8.01 per cent.; 
sulfur, 0.67. 

^ The average compositioii of 38 analyses of Pocahontas No. 3 coal given in West 
Virginia Greological Survey (1903), 2, 695-6 is as follows: moistoe, 0.26 per 
cent. ; volatile matter, 17.27 per cent, ; fixed carbon, 77.77 per cent. ; ash, 4.70 per cent. ; 
sulfur, 0.62 per cent. These figures axe used in the foregoing calculation. 
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By washing the Middle Kittanning coal, the ash could be lowered 
somewhat and the sulfur kept safely within the limits required. The 
byproducts, especially the excess gas, would have a ready market. Under 
such conditions, the Middle Kittanning coal in the Hocking Valley field 
has more favorable prospects for coke making than it has elsewhere in 
Ohio. The quantities of coal yet available are large and a constant 
supply assured. South of this field, in Vinton, Jackson, Gallia, and 
Lawrence Counties, the Middle Kittanning coal is thin and patchy, the 
best areas being only a few square miles in extent. Further, the quality 
of the fuel is generally poor. 

Lower Free'port, No> 6a, Coal . — The Lower Freeport coal, lying about 
midway in the interval between the Middle Kittanning and Upper Free- 
port members, is very unsteady in Ohio. The only two areas worthy of 
consideration are near Steubenville and Amsterdam, Jefferson Co., where 
it is mined in a large way. The average thickness of the bed in the 
Steubenville region is nearly 4 ft. (1.2 m.). The quality of the coal is 
shown in the following analysis : moisture, 2.06 per cent. ; volatile matter, 
39,06 per cent.; fixed carbon, 53.96 per cent.; ash, 4.92 per cent.; 
sulfur, 1.79 per cent. 

In this district, the Lower Freeport coal was formerly, coked quite 
extensively for the local furnaces but at present is not so used. The 
product was not up to the present standard as the coke was rather brittle 
and dense and high in sulfur and ash. The composition is approximately 
as follows; volatile matter, 1.34 per cent.; fixed carbon, 91.28 per cent.; 
ash, 7.38 per cent. ; sulfur, 1.97 per cent. The area of coal in the Amster- 
dam field is large and the thickness of the bed from 3 to 6 ft. (0.9 to 1.8 m.) . 
The sulfur content, however, is more than 2.50 per cent, or it is too high 
for coke making. 

Upper Freeport^ No. 7 Coal . — The Upper Freeport coal, the youngest 
member in the Allegheny formation, extends froni the Ohio-Pennsylvania 
line, in Columbiana County, southwesterly across the state to the Ohio 
River, in Lawrence County, The bed lacks persistency but at that it 
ranks third in importance. In general the fields are not large and are 
more or less disconnected- In Columbiana County, the Upper Freeport 
coal has been mined for many years near East Palestine and Salineville 
and the fields are yet far from exhaustion. The normal thickness of the 
bed is between 5 and 6 ft. (1.5 and 1.8 m.). The structure is shown by 


the following section: 

Feet 

Inches 

Sandstone, Mahoning 

Shale 

3 

0 

Shale, black 

1 

0 

Coal 1 

f 4 

4 

Shale )■ Upper IVeeport 



2 

Coal J • ' ' 

1 1 

0 

Clay 

4 

0 

Limestone 


0 
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The coal in the upper bench contains less sulfur and ash than that in 
the lower bench, which in places is not removed from the mine. It 
cokes freely but the product is of poor quality owing largely to the per- 
centage of sulfur. The composition of the fuel is: moisture, 2.32 per 
cent.; volatile matter, 39.08 per cent.; fixed carbon, 52.78 per cent.; 
ash, 5.82 per cent.; sulfur, 2.88 per cent. 

The Upper Freeport coal has excellent thickness in the southwestern 
part of Carroll County but the best of the field is now exhausted. But 
little coal of value is found on this horizon in Tuscarawas County. The 
most important field, in Ohio, is the Cambridge, Guernsey Co., where 
the bed has been extensively mined for many years. Large quantities 
of coal, however, are yet available. The structure follows: 


Shale 

Coal 

Shale 

Coal 

Clay. 


Upper Freeport 


Feet 

3 

' 4 

^ 1 
3 


Inches 

0 

1 

2 

7 

0 


The quality of the coal is shown by the anal 3 ^sis: moisture, 4.11 per 
cent.; volatile matter, 36.50 per cent.; fixed carbon,. 54.39 per cent.; 
ash, 5.00 per cent.; sulfur, 1.30 per cent. 

This coal has been successfully used in the byproduct oven but the 
structure of the coke is not up to the standard. By mixing it with other 
coals, more satisfactory results should be obtained. When coked alone, 
the yield is about 60 per cent, and the sulfur not above 1.25, which 
may be considerably lowered by careful selection and preparation. 
This field has possibilities for byproduct coke plants that are worthy 
of investigation. 

The Upper Freeport coal is also present in .Muskingum, Perry, 
Hocking, Athens, Vinton, Jackson, Gallia, and Lawrence Counties but 
the areas are usually small and the best of the fuel largely exhausted. 
The most, productive regions are in central Muskingum and northern 
Athens Counties. The thickness of the bed is from 2 to 6 feet. 


Conemaugh Formation 

The Conemaugh formation in Ohio contains at least six well-defined 
coal beds, some of which are remarkably persistent. They are every- 
. where thin, seldom expanding to as much as 3 ft. and usually measuring 
about 1 ft. (0.3 m.). With few exceptions, these coals are dense and 
highly volatile and contain a large percentage of sulfur, which is combined 
largely with the organic matter. On the whole, they offer no possibilities 
for coke making. 
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Monongahela Formation 


The Monongahela formation outcrops in a broad belt extending 
along the Ohio River from Jefferson County to Lawrence Coirnty. The 
total area both above and below drainage is approximately 3000 sq. mi. 
and the average thickness more than 200 ft. The formation is of interest 
chiefly for its coal beds, which in ascending order are Pittsburgh, Pomeroy, 
Meigs Creek, Uniontown, and Waynesburg. 

Pittsburgh, No. 8, Coal . — The Pittsburgh coal, lying at the base of the 
Monongahela formation, outcrops over a wide area in Ohio but the mem- 
ber has workable thickness only in three fields, which are widely separated. 
In its extension from the great districts in Pennsylvania into eastern 
Ohio, this coal increases in sulfur and ash, loses in coking and heating 
quahties, and shrinks in thickness. In importance, however, the 
Pittsburgh coal ranks second in this state, being surpassed only by the 
Middle Kittanrdng member. 

The most important field is the Belmont, where the bed has excellent 
thickness and continuity over nearly the whole area. Although coal 
has been mined here since 1825, the quantities yet available are sufficient 
to last for many years. At present this county is the largest producer 
in the state. The thickness of the bed is from 2 to 6 ft., the typical 
structure as given below: 

Feet Inches 


Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale with pyrite 

Coal 

Clay 


Pittsburgh 


8 

1 

2 


1 

1 

3 


0 

0 

10 

3 

H 

2 

1 

5 

IH 

3 

0 


The structure varies somewhat from place to place but the bed always 
has a few thin partings, which are not especially troublesome in mining. 
The coal is bright and solid. The general character is shown by the 
following analysis: moisture, J.74 per cent.; volatile matter, 36.94 per 
cent. ; fixed carbon, 50.08 per cent. ; ash, 9.24 per cent. ; sulfur, 4.29 per cent. 
Taking the bed as a whole, this analysis shows that both the sulfur and 
the ash are entirely too high for byproduct coke. Some parts of the 
deposit are purer than others but even by careful selection and working 
this coal will make only a low-grade coke. The structure of the product, 
however, is very good. 

In the Federal Creek field, which lies in the southwest corner of 
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Morgan County, and in the northeast part of Athens County, the Pitts- 
burgh coal is mined for railroad shipment. The bed varies from 3 to 6 ft. 
in thickness and, besides thin partings, is regularly di-rided by a structure 
of clay about 1 ft. (0.3 m.) thick. Attempts were made to coke this coal 
for the general market but owing to mining troubles and to the poor 
quality of the product the result was a failure. In this field, the sulfur is 
seldom below 2.50 per cent, or the ash below 6 per cent. 

The third field of Pittsburgh coal lies in southern Gallia County, 
but the area is small and the coal of poor quality. It is not mined except 
for local use. 

In summarizing the points in reference to the Pittsburgh coal, the 
main facts are: The quantities of coal available are large; the mining 
conditions are good; and the coal cokes freely; but the sulfur and ash 
are too high to 3 deld a suitable coke for metallurgical use. 

Pomeroy, No. 8a, Coal . — ^The second coal bed in the Monongahela 
formation is the Pomeroy, which lies from 25 to 50 ft. (7.6 to 15 m.) 
above the Pittsburgh coal and about the same distance below the Meigs 
Creek member. The only field of importance is in Meigs County, where 
this coal has been mined for shipment by rail and water for many years. 
The area yet available is not large. The bed contains some shaly coal in 
the upper part but otherwise is free from partings. The general thickness 
is between 4 and 5 ft. and the mining conditions are very good. The com- 
position is : moisture, 6.79 per cent. ; volatile matter, 34.91 per cent. ; fixed 
carbon, 47.72 per cent.; ash, 10.58 per cent.; sulfur, 2.42 per cent. The 
minimum in sulfur is about 1.50 per cent, and in ash about 7 per cent. 
On account of the high ash and sulfur, the poor structure of the coke, 
and the low yield attained, the Pomeroy coal is outside the field for 
byproduct work. Moreover, careful selection and thorough washing 
will scarcely improve the quality sufficiently for satisfactory results. 

Meigs Creek, Sewickley, No. 9, Coal . — ^The Meigs Creek coal, which is 
correlative with the Sewickley of Pennsylvania, lies' from 60 to 100 ft. 
(18 to 30 m.) above the Pittsburgh bed and is of workable thickness in 
parts of Belmont, Harrison, Monroe, Washington, Noble, Morgan, Musk- 
ingum, and Guernsey Counties. This coal is variable in thickness, struc- 
ture, and composition. It swells from 2 to as much as 6 ft. in height 
but it averages about 4 ft. The bed is usually divided by one or more 
partinp of bone coal, shale, or clay, and also contains thin, closely spaced, 
papery layers of shaly material. , The average composition, showm by 
nineteen analyses, is as follows:® moisture, 4.11 per cent.; volatile matter, 
36.03 per cent.; fixed carbon, 48.26 per cent.; ash, 11.60 per cent.; sulfur, 
4.28 per cent. As about half the sulfur is in organic combination and. as 
much of the ash is so uniformly distributed through the coal, the unprove- 


• Ohio Geol. Survey l4] Bull. 9, 301. 
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ment by washing is not large. Although the field is large, the Meigs 
Creek coal gives no promises for coke production. 

UniontowTij No, 10, Coal , — The TJniontown coal is present over a 
wide area in southeastern Ohio but is best represented in Belmont and 
Monroe Counties. The best deposits are from 3 to 5 ft. thick but they 
are confined to rather small areas. The coal is generally high in ash and 
sulfur, and therefore not fitted for coke making. 

Waynesiurg, No, 11, Coal , — The Waynesburg coal, although found in 
several counties in southeastern Ohio, is of little importance as the bed is 
thin and uncertain and the fuel poor in quality. It is mined chiefly by 
the farmers for domestic purposes. 

Dunkard Series 

Rocks laid down during Dunkard time are found in a narrow belt 
extending along the Ohio River from Belmont County to Meigs County. 
The maximum thickness of the series is more than 600 ft. Several coal 
beds are present but these have little or no value. The Waynesburg 
and Washington members are best developed and have been mined 
in places for local supplies of fuel. 

Summary 

Owing to the importance of the iron and steel industry in this state 
and to the number of byproduct ovens well distributed over the area, the 
needs for local coking coals are very great but are not satisfactorily supplied. 
The quantity of coal available is suflGLcient to last for many years, but the 
general quahty is below the standard demanded for making metallurgical 
coke. The best possibilities lie with the Lower Kittanning, Middle 
Kittanning, and Upper Freeport members in certain fields in which the 
impurities are below the average. Refined methods of picking and work- 
ing will also add to the supply. If the local coals are used alone, the 
yield of coke is rather low and the structure at best only fair; but if 
mixed with high-grade coals from Pennsylvania or from West Virginia, the 
resulting product will be safely Within the limits of usefulness. The* 
limitations are such that the many failures to make coke in beehive ovens 
were not without cause. 
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Sulfur in Producer Gas* 

BY FRBDEKIck CRABTEEBf AND A. E. POWEUjjJ PITTSBTrKQH, PA. 

(Chicago Meeting, September, 1919) 

When Professor Stock asked for a paper on the above subject, it was 
too late to prepare by June 1, or near that time, one that would involve, 
any appreciable amount of experimental work or original research; 
but the suggestion was made that a review of the literature bearing on 
the subject might be submitted in good time, and that later this could 
be supplemented by any experimental data obtained during the summer, 
if experiments were carried out. In accordance with this suggestion, there 
are submitted the following notes on references found in the literature of 
recent years bearing on sulfur in gas. It is to be understood that, in 
general, these notes express the opinions of the authors whose papers are 
abstracted, not necessarily the opinions of the abstractors. 

Very little published information was found bearing directly on 
producer-gas sulfur, so this has been supplemented, in certain phases of 
the subject, by references to illuminating gas. Methods of analysis and 
processes for the elimination of sulfur from the gas are, without much 
doubt, very closely related in these two products. As in illuminating 
gas, sulfur is found in producer gas mainly as hydrogen sulfide, mixed with 
a much smaller and variable quantity of carbon bisulfide.^ The presence 
of minute quantities of other organic-sulfur compounds has been inti- 
mated, but no definite statement is made concerning these. . 

The amount of sulfur present in producer gas is variable and depends 
on several conditions. The primary factor is the quantity of sulfur in 
the fuel, but the form in which the sulfur exists, the temperature of the 
producer, the air-steam ratio, and the efficiency of the scrubbing process 
are all determining factors. When the coal used contains less than 
0.5 per cent, of sulfur, the sulfur in the gas wiU not exceed the quantity 
found in the average illuminating gas.^ Sulfur in producer gas may safely 
run higher than that in coke-oven gas, due to the lower flame temperature 


* Published by permission of Director. of U. S. Bureau of Mines, 
t Consulting Metallurgist, U. S. Bureau of Mines. 

t Assistant Organic Chemist, Pittsburgh Experiment Station, U. S. Bureau of 
Mines. 

1 C. Tupper: Iron Age (1916) 96, 465. 

®Dowson and Barter: “Producer Gas,'* ’95. London, 1907. Longmans, Green 
& Co. 
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of the former.® Tapper^ claims that about 40 per cent, of the sulfur in 
coal passes into the gas produced from it. From this he figures that 1 ton 
of Westmoreland coal analyzing 1.5 per cent, sulfur will produce a gas con- 
taining 720 gr. per cu. ft., after passing through the scrubbers. This 
last figure is evidently an error and 720 gr. per 100 cu. ft. is intended; this 
agrees fairly closely with the sulfur content of many raw illuminating 
gases. 

Methods of analysis for the producer-gas sulfur would not differ 
materially from the methods used for illuminating gas, since the same type 
of compounds are present in both. Analysis for total suKur is based on 
the general principle of burning the gas in measured quantity and ab- 
sorbing and oxidizing the products of combustion to sulfuric acid. This 
may be accomplished by absorbing the products of combustion in a solu- 
tion of bromine and potassium carbonate.^ Another method would be 
to burn the gas in an atmosphere containing ammonia. The condensed 
moisture would then be oxidized by bromine water and the sulfate content 
determined by any one of the several methods possible.® This latter 
method has been in actual use for producer-gas investigation and an appa- 
ratus has been devised utilizing the principle.^ 

The sampling of producer gas has been thoroughly discussed in a 
gas-power session.® The usual qualitative test used to detect small 
quantities of sulfur in gas is by the use of lead acetate paper.® The 
analysis for the hydrogen sulfide content, irrespective of the other sulfur 
constituents, is most conveniently performed by an iodometric method.^® 
Another method depends on passing the gas through standard potassium- 
iodate solution and titration with thiosulfate. Cadmium acetate some- 
times serves as a means for the determination of H 2 S .^2 

A method has also been devised for the estimation of the carbon 
bisulfide constituent of commercial gas.^® The gas is passed successively 
through KOH and H2SO4 solutions and the CS2 constituent is dissolved 
out by means of alcoholic KOH. This is acidified and titrated for the 
xanthate formed by the interaction between the CS2 and the alcoholic ' 


®Latta; North American Producer Gas Practice," 395, New York, 1910, 
D. Van Nostrand Co. 

* Loc. dt 

* A. Longi: GazeUa (1898) 28, 1. 

« C, JenJdns: JnL. Am. Chem. Soc. (1906) 28, 542. 

7 R. Threlfall: Soc. Chem. Ind. (1907) 26, 355. 

8 Jnl. Am. Soc. Mech. Engrs.' (1917) 39, 40. 

8 W. Dibdin and R. Grimwood: Analyst (1902) 27, 219. 

C. Tutwiller: Jnl. Am. Chem. Soc. (1901) 23, 173. 

Th. Schumacher and E. Feder: ZeU. Nahr, Genussmt. (1905) 10, 649. 

A, Muller: Jahrb, Gtisbelmchl,, 48, 792; Jnl. Soc. Chem. Lid. (1901) 20, 73. 

18 E. Harding and J. Doran: Jnl. Am. Chem. Soc. (1907) 29, 1480. 
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KOH by a standard copper acetate solution. Resumes of various com- 
mercial methods of sulfur-gas analysis may be found in any standard 
gas-engineers^ handbook. 

The source of sulfur in producer gas is, of course, the fuel. Not all 
of the sulfur in the fuel passes off in the gas but, in general, a high-sulfur 
coal will give a high-sulfur gas. Tupper^® claims that about 40 per cent, 
of the coal suKur passes into the gas. Coal possessing more than 0.5 
per cent, of sulfur content is not advocated for use in producers.^® A 
summary of reports from producer gas plants gives the following data^^ as 
to the maximum allowable amount of sulfur in the fuel: anthracite 1.5 
to 1.75 per cent.; bituminous coal, 1.0 to 3.0 per cent.; bituminous coal 
(double-zone plant), 1.0 to 1.5 per cent. The effects of other factors than 
the fuel have never been determined. 

When producer gas is burned for various industrial purposes, the 
sulfur burns to SO 2 mixed with a small, quantity of SOs.^® With an 
excess of air, more SO3 is generated. This sulfuric acid is corrosive in its 
action on metal parts such as boilers, metal linings, and valves. Further- 
more, the sulfur absorbed by the overflow water of the producer and the' 
scrubber water makes it difficult to dispose of this water under certain 
sanitary conditions.^® 

Fernald^^ summarizes some of the troubles reported by plants as 
due to the sulfur in the producer gas. An. anthracite plant claimed 
clogging of the passages where the velocity of flow changed, also the 
eating out of sheet-steel parts. A manufacturing plant using bituminous 
coal complained of the cutting of water-cooled valves, and three other 
bituminous plants were troubled with unpleasant fumes in the factory. 
A lignite gas-producer plant claimed that the valve seats became pitted, 
while another lignite plant was troubled with the corrosion of roof- 
metal work, guy ropes, etc. 

A great deal of controversy has developed over the effect of sulfur in 
producer gas on gas-engine cylinders. Latta^^ says that the sulfur dioxide 
and sulfur trioxide both attack the packing of the pistons and the stuffing- 
boxes of engines. The effect of the sulfur on the cylinders themselves has 
been the subject of many important lawsuits. The consensus of opinion 

See also E. Russell: JnL Chem. Soc. (1900) 77, 352. 

Loc, cit 

i®Latta: Loc. city 169. 

Dowson and Larter: Loc. dt, 95. 

R. Femald: Operating Details ot Gas Producers. U. *S. Bureau of Mines Bull. 
109 (1916). 

U. Collan: Zeit Anal. Chem. (1895) 34, 148. 

M. Dennstedt and C. Ahrens: Zeii. Anal. Chem. (1896) 35, 1. 

Dowson and Larter: Loc. dt, 260. 
cit, 47. 

wj/oc. cU., 169. 



720 


SULFUR IN PRODUCER GAS 


seems to be that the results have been exaggerated.^® The engine at the 
testing plant of the United States Geological Survey has been running on 
producer gas since the plant was established and shows no injurious 
effects, although coals running as high as 8.1 per cent, sulfur have been 
used.®^ 

The sulfur in producer gas is a big disadvantage to the steel manu- 
facturer since the open-hearth steel is contaminated by sulfur.®® For 
this reason, Grammer advocates the use of blast-furnace gas enriched 
with water gas or byproduct coke gas in place of the producer gas. 
The washing of the producer-gas coal is usually not sufficient to overcome 
this objection. Efforts to remove the sulfur from the steel often result 
in injury to the steel, so the better plan is to remove the sulfur from the 
producer gas.®® It has been said that steel in soaking pits or other heat- 
ing furnaces absorbs sulfur from the gas used in heating and that possibly 
much trouble has been encountered in the way of surface sulfur absorp- 
tion owing to the use of producer gas containing excessive amounts of 
sulfur. 

There are several methods for decreasing the amount of suKur in 
producer gas. The proper selection of fuel is one of the most important. 
The allowable suKur percentages in coals have already been mentioned, 
and somewhat the same limits apply to other fuels also. In case the 
sulfur of a coal runs rather high, it is possible to decrease this by washing 
processes before feeding the coal into the producer. One thereby de- 
creases the sulfur in the producer gas. A process of crushing and washing 
the coal is particularly effective where iron pyrite occurs in comparatively 
large masses in the seams.®* 

The removal of sulfur from producer gas as such is not much more 
difficult than its removal from iUuminating gas. Sulfur is usually re- 
moved from illuminating gas by the iron-oxide absorption process. 
Another method is the so-called Feld process, in which sulfur dioxide is 
mixed with the gas, thereby forming elementary sulfur by the interaction 
of the SO 2 and the HaS. Another method, especially adapted to the 
removal of the CSa constituent, is the Pippig and Trachmann process. 
Aniline is used to remove the CS 2 . About six-sevenths of the sulfur of 
illuminating gas is removed by this process according to the author.®* 

In plants where the iron-oxide method is in use, the carbon bisulfide 
is not removed by this treatment. It has been foimd that reheatment of 
the gas to 1200° F. removes 70 per cent, of this organic sulfur. Nickel 


J. Miller: Power Gas and the Gas Producer. Popular Mechania Mag., Chicago, 
(1910) 95. ^ 

“Latta, loc ctt., 82. ** F. Grammer: Trans. (1908) 39, 645. 

“ Tupper, loc ctt. Grammer, loc. ctt. Latta, loc. dt., 169. 

P. Frank: Jahrb. Gasbeleucftt. (1903) 46, 488; abst., Jnl, Soc. Chem. Ind. (1903) 
22, 869. 
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and other catalysts assist this action.^® Hydrogen sulfide alone may be 
eliminated from gas by treatment with potassium carbonate. This 
substance is claimed to be more efficient than iron oxide and may be 
regenerated by passing air through it.®^ Treatment of the gas-making 
coal with lime in the retort will decrease the sulfur content of the gas; 
2 per cent, of lime has been recommended for this purpose.®^ 

The reaction for the absorption of hydrogen sulfide by iron oxide has 
been given as follows: Fe2(OH)6 + 3H2S = Fe2S3 + 6H2O. The forma- 
tion of any FeS2 is prevented by the presence of traces of ammonia.®^ 
For best results it has been found that the iron oxide should be well 
hydrated. The purifying material used may be regenerated by exposure 
to air®^ or the sulfur may be removed from the iron oxide by extraction 
with coal tar distillates.^® Iron oxides from various sources have given 
good results in the absorption of hydrogen sulfide. Some of those tried 
out have been bog ores, the residue left after the extraction of alumina 
from bauxite and the sedimentation from waste water from coal mines.^® 

Of late years the Feld process for recovery of sulfur from coal gas has 
reached a commercial scale in Germany.®^ In this process ammonium 
tetrathionate is utilized. 

The application of these sulfur removal processes to producer gas has 
received a certain amount of attention, but not on any very large scale in 
this country. Bog-iron ore and wood chips used in the same manner as 
in illuminating gas purification have been suggested.®® Of course, any 
such process of purification involves the cooling of the producer gas, 
which might be a big disadvantage for certain industries. Purifiers were 
installed in the St. Louis producer-gas testing station of the Bureau of 
Mines, when it was found that an iron-oxide purifier became saturated 
with sulfur after a run of 6 or 8 hr. with coals containing not over 2 per 
cent, sulfur. Since some of the coals used contained as high as 8 per 
cent., this particular device was considered a failure in this case.®® 

Tupper^® gives a process now in use in Germany for the purification of 
producer gas. It consists essentially in filtering the gas through filter 
boxes built up of successive layers, on racks, of iron oxides. The iron 
oxides used are various commercial varieties, which have recently dis- 

H. Papst: Am. Gas Light. Jnl. (1911) 94, 407. 

Petit: Gas WorU (1915) 63, 374. 

33 J. Patterson: Gas Lighting (1912) 116, 449. 

33 L. Gedel: Jahr. Gasheleucht (1905) 48, 400. 

3^ E. Jones: Am. Gas Light Jnl. (1916) 106, 245. 

35 E. Murphy: Jnl. Gas Idghting (1916) 136, 396. 

36 A. Scott: Gas Jnl. (1917) 138, 101. 

Age (1918) 4S, 198; Chem. Abs. (1918) 12, 2428. 

36 Heinhardt: Trans. (1907) 37, 685. 

36 R. Fernald and P. Smith: R4sum6 of Producer-gas Investigations. XJ. S. 
Bureau of Mines Bull. 13 (1911). Loc. oit. 

VOL. Lxni. — 46 . 



722 


StTLFUR IN PRODtJCBR GAS 


placed the bog iron formerly used abroad. Regeneration of the oxide 
consists in exposure to air. The temperature of the gas during the filter- 
ing process should be 90° to 100° P. (32° to 38° C.) particularly when the 
process is started. This process is not materially different from the ordi- 
nary illuminating gas purification. Wallace^^ also gives many data on 
gas purification. The use of well-hydrated iron oxide is much superior 
to the dehydrated. It is also a big factor in hydrogen-sulfide elimination 
that the iron oxide be well aerated during recuperation. 

dt 
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Low-sulfur Coals of Kentucky 

BT WILLABD B. JILLSON,* FBANKFOET, KY. 

(Chicago Meeting, September, 1919) 

Within the last ten years Kentucky has become celebrated for its low- 
suKur bituminous coals. Prior to this time, many investigators had dis- 
covered the abundance of this coal but the fact was unknown to the general 
pubhc until the last extension of Kentucky’s mountain railroads was 
completed. The coals of Kentucky are, broadly, separated into two 
geographic units — ^the eastern and the western coal fields. On a basis of 
their sulfur content these coal fields fall into three units, which are in- 
dicated on the accompan 3 n[ng map, by numbers, -1, 2, and 3. The area 
marked 1, the very southeastern part of the state, shows the lowest 
sulfur, all coals being averaged. In this field the maximum is 1.04 per 
cent, and the minimum as low as 0.68 per cent. — ^both averages and not 
individual analyses, which would of course show much greater variation. 
Included in this group are the following counties: Lawrence, 0.87 per 
cent.; Martin, 0.75 per cent.; Johnson, 0.73 per cent.; Magoffin, 0.87 per 
cent.; Floyd, 0.88 per cent.; Pike, 0.68 per cent.; Knott, 1.04 per cent.; 
Perry, 0.77 per cent.; Letcher, 0.80 per cent.; Leslie, 0.70 per cent.; 
Harlan, 0.79 per cent.; Knox, 0.86 per cent.; and Bell, 0.92 per cent. 
The total average sulfur content for these thirteen counties is 0.82 per 
cent. 

Bordering the restricted low-suKur field of eastern Kentucky is the 
No. 2 belt (slightly darker), which is commonly known as the western 
border of the eastern coal field. Here the maximum sulfur is 2.91 per 
cent, and the minimum 1.05 per cent. Again these are averages and not 
individual analyses. The counties in this group are : Greenup, 2.60 per 
cent.; Boyd, 1.67 per cent.; Carter, 1.07 per cent.; Morgan,. 1.40 per 
cent.; Wolfe, 1.83 per cent.; Lee, 2.93 per cent.; Breathitt, 1.85 per cent.; 
Owsley, 1.09 per cent.; Jackson, 1.06 per cent.; Rockcastle, 2.30 per cent.; 
Clay, 1.09 per cent.; Laurel, 1.08 per cent.; Pulaski, 2.24 per cent.; 
Whitley, 1.05 per cent.; McCreary, 1.50 per cent.; and Wayne. The 
sulfur percentage average for this area including fifteen important counties 
is 1.65 per cent. 

In the western Kentucky field, the great increase in the percentage 
of sulfur is at once apparent. Ohio County with 3.78 per cent, is the 
highest and Hancock with 2.87 per cent, is the lowest. The percentages 
by counties is as follows: Hancock, 2.87 per cent.; Henderson, 3.22 per 
cent.; McLean, 3.27 per cent.; Muhlenberg, 3.31 per cent.; Hopkins, 
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3.42 per cent.; Webster, 3.49 per cent.; Butler, 3.50 per cent.; Union, 
3.62 per cent.; Daviess, 3.65 per cent!; Ohio, 3.78 per cent. The sulfur 
percentage average for the area, including ten counties and all of the 
western Kentucky coal field is 3.41 per cent. 

In arriving at the above averages upon which the boundaries of the 
three districts were determined, 514 selected air-dried analyses were used 
out of a total of about 750, which were reviewed. These analyses were 
made by two agencies, the U. S. Bureau of .Mines and the Kentucky 
State Chemist. The number of analyses used per county may be found 
by referring to the map. For example, Floyd, 0.88 — 37A, means that 
the Floyd County percentage of sulfur of 0.88 was secured as an average 
from 37 analyses. 

In the following table of the important low-sulfur coals of eastern 
Kentucky access was had to over 250 additional analyses of the same 
character out of which 160 were selected and used in compilation of the 
data presented below. The following table is not intended to be con- 
sidered in the light of a definite correlation. Work toward such a cor- 
relation is now under way, but filnal results have not as yet been obtained. 
The arrangement given, however, is correct within broad lines and will 
serve the purposes of this paper. Many small coals have been omitted 
and a number herein given as separate coals will eventually be co5rdinated. 
The coals here listed are found only in sulfur districts 1 and 2, as indicated 
on the map. 

Although considerable stratigraphic work has been done on the west- 
ern Kentucky coals, no attempt is made here to portray the sulfur 
characteristic of these coals, since the district is without what may be 
called a commercial low-sulfur coal. It is interesting, from a strati- 
graphical standpoint, to note the result of the plotting of the sulfurs of 
the coals of Kentucky, especially since, to date, the Pennyslvanian 
system in this state has never been mapped, except in outline. Within 
broad limits, it may be said that sulfur district No* 1 corresponds with 
the Wise-Kanawha or Upper Pottsville, which forms the main body of 
the Kentucky commercial coals. Sulfur district No! 2 corresponds, 
roughly with the Norton-New River or Middle Pottsville, and the Lee- 
Pocahontas or Lower Pottsville. It is relatively of much less importance. 
Sulfur district No. 3, the western coal field, is probably Middle and Lower 
Pottsville. 

The summation of averages of these sulfur percentages shows quite 
as much of a difference between districts 2 and 3 as between 1 and 2. 
It must be concluded, then, that great and striking differences of sedi- 
mentation attended not only each division of the Pottsville, but that 
within any one unit of Pottsville time due to geographic location and 
proximity of continental or insular masses the same variations in, point 
of size probably existed. It may be significant that lowest sulfured 
coals of Kentucky are found farthest removed from the principal Potts- 
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Tentative Sequence of Important Commercial Coals of Eastern[Kentucky 


Coals 

Stamper, very high, small area. 
Hilton, very high, small area. 


Alleghany 


Pottsville 


Wise — KanawTia — Upper Pottsville 

Coals 

Hindman, High Splint, 1.45 (2A — Perry Co.), 0.675 (2A — ^Letcher Co.) 

Cornett (Cannel), 0.69 (lA — ^Letcher Co.). 

Francis. 

Flag, 0.906 (4A— Leslie Co.), 0.80 (5A— Perry Co.), 0.55 (lA— -Letcher Co.), 0.75 
(1 A— Letcher Co.), 0.67 CIA — ^Letcher Co.). 

Hazard, 0.80 (5A — Perry Co.), 1.28 (4A-— Leslie-Knott Co.), 0.70 (lA — ^Letcher 
Co.). 

Haddix, 0.816 (lOA — ^Breathitt and Perry Co.), 1.06 (lA-— Letcher Co.). 

Hamlin, 0.87 (1 A— Letcher Co.). 

Pardee, 1.14 (1 A— Letcher Co.). 

Fireclay Rider (McGuire Cannel), 0.69 (1 A— Leslie Co.). 

Fireclay — Dean; Hyden (No. 4^. Lower Hignite, 0.87 (6A — Perry Co.), 0.72 
(lOA— Perry Co.), 0.765 (4A— Letcher Co.), 0.413 (3A— Bell Co.). 
Whitesburg — Mills (?), 1.318 (lA — Letcher Co.), 0.79 (lA — Letcher Co.). 
Amhurgy, 0.613 (4A — ^Leslie Co.), 0.98 (lA — ^Letcher Co.), 

Elhhorn, Taggart — Moss (?) — (No. 3), 0.58 (6A — Letcher and Knott Cos.), 0.654 
(15A— Letcher Co.), 0.971 (lOA — Floyd Co.). 

Howard — Ivel — (No. 2). 

Van Lear—Prestoneburg — (No. 1) — Millers Creek, 0.593 (lOA — Johnson Co.;, 
0.698 (17 A — Floyd Co.), av. at Van Lear, 0.50. 

Straight Creek, 0.902 (8A — ^Bell Co.). 

Collier. 

Blue Gem, 0.8766 (lA — ^Knox Co.). 

Bacon Creek (Lower Blue GemL 

Harlan — Shelby Gap — ^Lily (?), 0.805 (2A-Letcher Co.), 0.776, (12A — Harlan Co.). 

Norton — New River — Middle Pottsville 

Irnhoden, 1.33 (lA — Letcher Co.). 

Many imhnportant coals. 

Dorchester. 

Manchester, wide variation between, 0.47 (low) and 2.65 (high) (Clay Co.). 

Lee — Pocahontas — Lower Pottsville 

Beattyville, 0.233 (7A — Lee Co.), wide variation, between, 1.041 (low) and 3.991 
(high) (Lee ,Co.). 

Many unimportant coals. 

ville marine sea, the lower Mississippi embayment. Progressing’toward 
this typical marine sea from east to west, thePottsvillesulfurs rise rapidly; 
and after one crosses the shallow channeled area on and just west of the 
Cincinnati anticlinal barrier in Central Kentucky, the mfl.yimiiTn is 
reached. Here, then, in the certain westward movement of these 
Pottsville waters out of the long arm extending northeast into Pennsyl- 
vania, may lie the logical solution to the problem of the distribution of 
the low-sulfur coals of this period. 
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Effect of Sulfur in Coal Used in Ceramic Industries 

BY C. W. PARMELEE,* B. SC., UEBANA, ILL. 

(Chicago Meeting, September, 1919) 

The ideal fuel for burning ceraroie wares is the one that, among other 
characteristics, has little or no sulfur. For that reason wood was long 
considered the most desirable fuel but its high cost has practically elimin- 
ated its use except in regions where it is very abundant or other cir- 
cumstances warrant its choice. The fuels commonly employed are 
natural and producer gas, oil, and coal. The last nained is undoubtedly 
the most important, not only in this country but abroad. Occasionally 
anthracite is used but the larger part is bituminous. 

The quahty of the coal used depends on the kind and the value of the 
products being manufactured. For some materials, such as common 
brick, hollow block, etc., the quality of the coal is of less importance than 
in the manufacture of polychrome terra cotta, pottery, porcelain, etc. 
It is obvious that in burning clays that contain notable amounts of pyrite, 
marcasite or gypsum, as is the case with many comnion clays, the sulfur 
content of the fuel is of much less’ importance. 

The permissible amount of sulfur in the coal used will depend on the 
kind of product being manufactured. 

good sample^ of coal commonly used in pottery ovens has some- 
thing like this quantity of sulfur: total sulfur, 1.20 per cent.; sulfur in 
ash, 0.11 per cent.; volatile suKur, 1.09 per cent.” 

This is based on English pottery practice. Correspondence with a 
number of leading manufacturers in this country has produced the fol- 
lowing figures: 

Sanitary Ware, — (a) 1.0 per cent, maximum, (6) 0.5 per cent. 

Sewer Pipe. — (a) 1.2 per cent., (6) 1.1 per cent, present run, 3.0 per 
cent, has been used. 

Terra Cotta. — {a) 0.5 per cent, basis of contract, 1.0 per cent, 
approximate. 

Pottery. — 1^0 per cent, contract, 1.5 per cent, probable content. 

Enameled Brick. — 1.3 per cent, maximum. 

(a) and (6) designate different firms giving figures. 

Since a pottery kiln for sanitary ware will require about 14 tons of 
coal for a burn, the quantity- of SO 2 that will be- generated from a. 1-per 

* Professor of Ceramics, University of Illinois. 

1 Mellor: Trans. Eng. Cer. Soc. (1907) 6, 71. 
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cent, content of sulfur will be considerable. Other kinds of wares will re- 
quire much greater fuel consumption, depending on the size and the type 
of the klip and the weight of the clay products being burned. 

The objections to the presence of sulfur in the fuel for clay products 
may be grouped as follows; The clinkering of fuel in the firebox. The 
action of the oxides of sulfur in waste-heat driers. The effect of the 
oxides of sulfur on the clays during burning. The effect of the oxides of 
sulfur on glazes and colors during burning. The effect of the oxides of 
sulfur on burned clay products. 

Clinkering of the Ash 

Clinkering is so commonly associated with a high sulfur content that 
it is included here. Owing to the high temperatures developed in the 
fireboxes of kilns, a badly clinkering coal greatly increases the labor of 
firing and seriously damages the walls of the firebox owing to the slagging 
action. A mass of liquid slag settling down on the grates chokes off the 
air supply, preventing the maintenance of a proper excess of air in the 
hot gases, thus seriously interfering with the development of acceptably 
colored ware. 

Action of Sulfur in Waste-heat Driers 

The waste heat of burning kilns may be used for drsdng the cruder 
products. The chief objection to the application of this process to a 
larger range of wares is the accumulation of the oxides of sulfur in the 
moisture on the partly dried wares and the attack of the acid water upon 
compounds of lime, magnesia, and alkalies present in the clay forming 
sulfates, which subsequently appear as a white-wash. Moreover, the 
gases taken up by the moisture condensing in the cooler parts of the drier 
upon the steel drier cars result in a serious corrosion of the framework. 

Effect of Oxides op Sulfur on Clays Duhing Burning 

A difficulty commonly experienced with high-sulfur coal is the develop- 
ment of “kiln white” or a coating of sulfates upon the surface of the ware. 
These sulfates are formed by the condensation of moisture containing 
sulfuric acid upon the cold ware during the early stages of the firing. 
This kiln white is very disfiguring. Its formation may be prevented 
by a proper method of firing; namely, the passage of a large volume of air 
through the kiln during the period of the burn when this trouble may be 
expected to develop. 

The color of burned-clay products is .undoubtedly affected by the 
character of the gases with which they come in contact during the burning. 
The mode of attack at very low temperatures has been metitioned. In- 
vestigations carried on under higher temperature conditions show that 
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clays ignited at red heat in a stream of sulfur trioxide are attacked and 
that iron present will, in some degree, form a sulfate which, at a higher 
temperature, decomposes leaving red ferric oxide behind.^ Hop wood 
and Jackson^ state that ^'experience of firebrick makers has shown that 
if one side of their kilns be exposed to a fresh breeze the combustion of 
coal on that side being thereby rendered more complete, the bricks ob- 
tained from this part of the kiln are always of a deeper color than the 
remainder, because in this part of the kiln, the sulfur is not completely 
oxidized and not available as a decomposing agent for the clay substance.’^ 

The same authors^ explain the red specking of white earthenware 
as due to the contact of the ware with ferruginous sand that, during the 
early stages of the firing, is attacked by the acid vapors giving rise to the 
formation of ferric sulfate. This ferric sulfate is subsequently decom- 
posed with formation of a speck of red ferric oxide on the surface of the 
ware. Other phenomena of a similar sort are discussed by the authors, 
all of which are attributable to the action of sulfur trioxide formed from 
the sulfur of. the fuel. 

Seger^ calls attention to the action of sulfur trioxide in the develop- 
ment of a red color in the burning of limey clays which normally give a 
cream or dirty white color. He showed, by analysis, that the yellow 
centers of the brick contained 0.61 per cent. SO3, while the red outside 
coat contained 8.49 per cent. SO3. 

Effect of Oxides of Sulfur upon Glazes and Colors During 

Burning 

Blistering . — This is the most common manifestation of the action 
of sulfur gases. The trouble probably has its origin in the absorption 
of acid fumes by moisture and the condensation upon the glaze during 
the early stage of the burn. The sulfuric acid thus deposited attacks 
the glaze constituents, forming sulfates that later, at a higher temperature, 
are decomposed and cause the development of the blisters and pimples. 
The trouble will manifest itself in the parts of the kiln where the circula- 
tion of the gases is somewhat retarded. The method of prevention is to 
maintain a proper circulation of air through the kiln during this period 
of the burn. 

Spitting Out . — A piece of ware may have a perfect surface when it 
is removed from the glaze kiln, but subsequent heating to a much lower 
temperature causes gas to escape from the glaze, leaving small blebs. 
The kind of escaping gases and the causes operating to produce this 


*Hopwood and Jackson: Trans. Eng. Cer. Soc. (1903) 2, 95. 

®Loc. (M. *^Loc. dtj 98. 

See also Kerl: Abriz der Thonwaarenindustrie, 497. 1871. 

* “Collected Writings,” 1, 364. Easton, Pa., 1902. Chemical Pub. Co. 
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phenomenon are not well understood but it is quite probable that sulfur 
dioxide and sulfur trioxide are the offenders. 

These gases may have been absorbed and held in solution or they 
may be liberated by the dissociation of sulfates in solution. Pelouse® 
has shown that mirror glass may dissolve up to 3 per cent, sodium sulfate 
and hold it in solution without losing any of its transparency, although 
there will be a frost-like opalescence upon its surface. A similar phe- 
nomenon may be observed with glazes of certain types. If glasses or 
glazes so saturated are supplied with more sihca, the formation of blisters 
will follow. Glazes, glasses, and slags can absorb considerable quantities 
of gases which may be liberated again. Moore and Mellor^ found that 
a frit (a glass) absorbed from 4.7 to 5.7 c.c. coal gas, which could again 
be set free, collected, and burned. 

Slags may contain a large quantity of gas, Johnson® states that it 
may be seen passing off in large volumes when a ladle of slag is quickly 
dumped and that it ceases as soon as the slag ceases to flow. 

Darkening of Colors . — The influence of the oxides of sulfur upon the 
development of colors is undoubtedly very great. Because of the small 
sulfur content of wood, it has long been considered a most desirable 
fuel for porcelains. 

Taxile Doat,® one of the most accomplished of modern ceramic 
artists, has said until the coming of a chemist who will obtain with 
coal the fresh and brilliant palette which wood affords, I will confine 
myself to the fuel of which I am about to speak’^ — namely, wood. 

Edwards’-® has shown, experimentally, that sulfur gases may cause 
the darkening of green colors obtained with chromium. A correspondent 
writes that trouble is experienced particularly in the production of green 
and brown shades on enameled brick if sulfur gases are present in abnor- 
mal quantities. 

Sulf wring and Feathering of Glazes . — ^AU burners of clay products using 
the Seger cones as temperature indicators are familiar with the fact that 
when these cones are subjected to exposure to sulfur gases under favor- 
able conditions they show either a dulling of the surface or blistering. 
The blistering is due to the causes already described. The dulling of the 
surface with the appearance of a feathery crystalline coating is caused, 
according to Mellor,^’’ by the formation, of a layer of sulfates. The 
conditions most favorable for this are an oxidizing atmosphere at a tem- 
perature near the congealing point of the glaze and, of course, a suflScient 
concentration of the oxides of sulfur in the kiln gitmosphere. He recom- 

“Seger’s “Collected Writings,” 646. Trans. Eng. Cer. Soc. (1909) 7, 7. 

* Johnson : Principles, Operation and Products of the Blast Furnace,” 217. New 
York, 1918. McGraw-Hill. 

“Grand Feu Ceramics;” 132. Trans. Eng. Cer. Soc. (1912) 11, 175. 

Mellon Trans. Eng. Cer. Soc. (1907) 6, 71. « 
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mends, therefore, that coal as free as possible from iron pyrites be used 
at this stage of the burn. 

Staining of Body. — ^The accumulation of a very dilute solution of 
sulfuric acid upon the ware during the early stage of the firing may lead 
to the attack and the solution of color oxides used in the decoration of 
the ware. In that case it sometimes happens that the soluble sulfates 
thus formed will penetrate the body, reacl^g the surface of the other side 
of the piece where the evaporation of the water will cause a deposition 
of the color and its subsequent fixation by firing. This sometimes 
results in a complete reproduction of the pattern on the surface opposite 
to its original location. Sometimes the color solution merely drains 
to a lower portion of the same surface where it lodges, forming an un- 
sightly blemish.^* 

Salt Glazed Ware. — This glaze is developed by the action of the vapors 
of common salt volatilized in the kiln during the firing of the ware at- 
tacking and combining with constituents of the clay to form an insoluble 
glassy coating. It is developed on such wares as face brick, sewer pipe, 
conduits, chemical stoneware, and drain tile. These wares are made 
from such suitable clays as are available, which frequently contain 
notable quantities of pyrite or marcasite. The fuel used for such 
a purpose generally cannot be selected with the same care as is 
necessary in the production of the finer grades of wares. However, 
some care is used to obtain a coal as low in suKur as circumstances will 
warrant. 

The trouble most frequently experienced in the development of the 
salt glaze as influenced by the sulfur is similar to that already mentioned, 
a dulling of the glaze. Another trouble due to the sulfur gases is the 
formation of a surface coating on the ware of calcium sulfate, which is 
generally credited with preventing a proper development of the glaze. 

Effect of Oxides of Sulfur upon Burned-day Products. — ^Information 
regarding this is very meager. Seger” has pointed out the possibility 
of the destruction of the surfaces of glazed brick by sulfates that had 
their origin in the action of sulfur gases’ of the coal used in burning the 
ware. This destructive action may be deferred for a long period after 
the manufacture of the brick. However, this may be possible only 
under rather exceptional conditions of manufacture as described by him. 
A very important phase of this problem that, as yet, has been in- 
adequately studied, is the action of the sulfur dioxide and trioxide upon 
refractories such as firebrick and blocks, retorts, etc. 


Idem. 


“Collected Writings,” 376. 
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Sulfur in Coal, Geological Aspects* 

BY GEO. H. ASHLEY, t WASHINGTON, D. C. 

(Chicago Meeting, September, 1919) 

The following paper is intended to be suggestive only, and to open the 
way for discussion and further observation. Its preparation was re- 
quested only two days before the time limit set for the submission of the 
papers comprising this symposium. Thus no time existed for detailed 
studies, so it is largely a memorandum of such facts as have come inci- 
dentally to the notice of the writer in the study of coal in the field. 

The field study of sulfur in coal has received very little special' atten- 
tibn or description from coal students. The presence of sulfur concre- 
tions is noted in hundreds of descriptions, and certain benches of a coal 
bed may be described as.“sulfury” or the presence and position of sulfur 
bands may be noted in coal sections in connection with sampling. 

It may be accepted that some sulfur is present in all coal.^ The 
amount varies greatly in different regions, in different beds, and in the 
same bed in different areas. The anthracite of Rhode Island comes 
the nearest of any coal known to the writer of being free from sulfur, 
several analyses of that coal showing less than 0.1 per cent. Subbitunfi- 
nous coals in Colorado in a few places have close to 0.2 per cent, of sulfur 
on the dry-coal basis and in other states subbituminous coals approach 
this lower limit. Bituminous coals seldom run under 0.4 per cent, of 
sulfur on the dry basis, though in a few places dry bituminous coals in 
Colorado and Washington have between 0.3 and 0.4 per cent. The 
better known bituminous coals have almost everywhere over 0.4 per 
cent. The best of the Pocahontas and New River coals run close to 0.4 
per cent., but there is very little commercial coal in Pennsylvania, Ohio, 
Indiana, Illinois, Kentucky, or the other states, that runs under 0.6 per 
cent, on the dry basis. From these minimtim figures, the amoimt will 
range up to 5 or 6 per cent, or higher if visible sulfur is not excluded. It 
must be remembered that the usual analysis of a coal bed is not in- 
tended to give the total proportion of sulfur in the bed but the amount in 
the coal after the removal of the more obvious and larger sulfur masses. 

Professor Parr has already pointed out that, chemically, sulfur occurs 
in several forms: as pyrite, organic sulfur, sulfates, and possibly as un- 
combined sulfur. Sulfur in the form of sulfates is commonly the obvious 
result of the weathering of. pyrite and may be found in the coal within 

• Published by permission of Director of TJ. S. Geological Survey, 
t Geologist in Charge Section of Eastern Coal Fields. 



GEO. H. ASHLEY 


733 


the zone of weathering and be absent in the same mine where the coal 
is entirely unweathered. Little is known of the occurrence and nature 
of the organic compounds of sulfur. For our purpose, then, attention 
may be confined to the occurrence and origin of the pyrite in the coal. 

Pyrite occurs in the coal in many forms. First, it may be noted as 
pyrite bands parallel to the bedding and extending over large areas with 
more or less uniform thickness and in approximately the same position 
in the coal bed. Such bands, serving as binders or partings according 
as the coal sticks to or separates from them, may be observed running 
all through mines, and in places appear to have an extent of many miles; 
so that apparently the same bands may be met with in mines many miles 
apart. This is particularly true where the band, instead of having a 
uniform thickness, consists of a succession of lenses lying more or less 
nearly edge to edge or widely spaced but in the same position in the coal 
bed. These bands may be from } 4 . in. to 1 in. (6 to 25 mm.) thick, if 
regular, or if in the form of contiguous lenses they may have a thickness 
of several inches. Such a band of lenses often accompanies a band of bone 
coal or shale, as in the blue band of the blue-band coal of Illinois. The 
No. 3 coal of Parke County, Ind., may be cited as an example of a 
coal carrying thin regular bands of pyrite. A study of a large number 
of coal sections seems to indicate that such bands are most common 
near the middle of a coal bed or well to the interior of the coal, and that 
there is no marked tendency for them to be more abundant in the upper 
part of the bed than in the lower. As a rule, these thin regular bands, 
as do all other forms of P3rrite, stick to the coal, requiring the use of a 
rattler to free the pyrite for the recovery of the pyrite or for cleaning the 
coal. 

The second mode of occurrence is in the form of flat lenses occurring 
irregularly both horizontally and vertically. These lenses may be a 
fraction of an inch thick and 1 or 2 in. across or may have a thickness of 
several inches and a breadth of a foot or more. From these sizes they 
may grade up into sulfur bands, in which the thickness is a very small 
part of the horizontal extent.' These lenses may appear bright and 
brassy or more commonly are black on the outside and bright or dull 
gray on the inside. Experience has shown that the dull gray lenses may 
carry as large a percentage of sulfur as the brassy lenses. Where these 
lenses are short and thick, the surface may be coated with a shiny blanket 
of coal, possibly anthracite, as a result of a differential movement of the 
shrinking coal against the non-shrinking lenses. 

In their occurrence in the bed such lenses differ greatly, being abun- 
dant in some parts of a mine and rare in other parts, or being abundant in 
certain benches of the coal and. rare or lacking in others. Nor are they 
constant in the latter respect, being abundant in the lower bench in one 
area and in some other bench of the same bed in other areas. 
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In the third type of occurrence, which grades out of the second, 
the pyrite is found in more or less rounded masses “balls/’ nigger- 
heads,” etc. These, like the last, may be irregularly developed through 
the coal horizontally and vertically but are especially abundant in certain 
beds at the top or bottom or in certain definite horizons accompanying 
bone coal or black shale. Such concretions are well known in connection 
with the No. 5 bed of Illinois and Indiana or the No. 9 bed of western 
Kentucky, but a similar occurrence is characteristic of many other beds 
in the central interior coal field. They are particularly characteristic of 
coals having a black “sheety” shale roof, in which are found pyritized 
marine fossils. They occur in the black shale, locally not protruding 
down into the coal, but commonly protruding from the roof downward 
into the top of the coal. They may be widely scattered in the roof, 
which in general is smooth, or they may be so close together as to coalesce 
and give the roof a continuous botryoidal appearance. In some districts 
these concretions are very large; I have measured them up to 7 ft, (2 m.) 
in maximum extent and locally have seen them extending down into the 
coal nearly 4 ft. When broken open, they may prove to be all pyrite (I 
include marcasite here under the term pyrite), either brassy or dull gray, 
the latter predominating, or they may prove to be only a crust of pyrite 
changing to calcite on the inside. When of calcite they may contain 
brachiopods and other shells. In one district in Pike County, Ind., the 
concretions consist of a hard, thin shell filled with a soft black mush, or 
mud, which runs out when the shell is broken with a pick. The larger 
concretions appear to be mainly lime, but the smaller may be largely 
pyrite. The faces of the concretions are usually slickened, probably due 
to their being forced down into the vegetal mass forming the coal by the 
gradual subsidence of the roof as the vegetal mass is condensed under 
pressure and wastage. In some areas these concretions loosen readily 
from the roof, but more commonly they are held tight to the roof or 
within it and the coal breaks away from them. 

The fourth mode of occurrence of pyrite in coal is in the form of fine 
disseminating particles through the coal; As this form is the subject of 
a paper by Mr. Thiessen^ it will not be discussed here. 

The fifth mode of occurrence is in the form of joint filUngs or as 
irregular plates filling or lining fractures in the coal. Sulfur in this 
form is obviously secondary and has been deposited since the coal bed 
has taken its present form or during the folding of the bed, at which 
time it was broken and creviced. The sulfur, in this form, may occur 
as thick plates in widely spaced joint planes so as to be separated by 
hand without great difficulty; more commonly, it is scattered irregularly 
all through the coal and,, if in large amount, requires that the coal be 


^ This Volume. 
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crushed and washed in order that it be separated. The thin plates may 
lie vertically in the joint faces or horizontally between the bedding 
laminae, or as is frequently found, in the form of nests of connected 
plates spreading out in various planes and with the utmost irregularity. 
Pyrite in this form may be distinguished as secondary platy.’^ 

Time has not sufficed for the writer to make a comprehensive review 
of the general conditions under which sulfur occurs in greater or less 
amount but a few relations seem worth noting in passing for their 
possible value in guiding future studies or in ehciting data already known. 

A comparison of the sulfur in the Rhode Island anthracite with that 
in other coals of the United States suggests that the extreme metamor- 
phism which that anthracite has undergone may have, in a measure, 
desuKurized it. How this could be brought about without driving off 
the carbon is not clear. The anthracitization of the white-ash bed of 
bituminous coal at Madrid, N. Mex., does not appear to have percep- 
tibly changed the percentage of sulfur in the coal. The anthracite of 
Pennsylvania is commonly low in sulfur but not as low as some of the 
bituminous coals of the same state. 

Second, a comparison of the sulfur in bituminous coals with that in 
lignites (moisture and ash free) indicates little difference. For example, 
of 64 lignite analyses^ from North Dakota, Texas, and Montana only 
2 showed less than 0.5 per cent, sulfur; 21 showed between 0.5 and 1 per 
cent, sulfur; 31 between 1 and 2 per cent, sulfur; 8 between 2 and 3 per 
cent.; while 2 had over 4 per cent, of sulfur. This would indicate that 
most of the sulfur in bituminous coal was there when the coal was in 
the lignite stage. Carrying this comparison further, it may be noted, 
in about 250 analyses of peat in Davis’s peat paper^ (using dry peat and 
allowing a loss of one-third of the weight of the dry peat in the change 
to bituminous coal), that bituminous coal derived from such peats with- 
out gain of sulfur would contain as follows : 14 per cent, would have less 
than 0.3 per cent, sulfur, 35 per cent, would have between 0.3 and 0.8 
per cent, sulfur, 28 per cent, would have between 0.8 and 1.35 per cent, 
sulfur, 9 per cent, would have between 1.35 and 2.20 per cent, sulfur, and 
15 per cent, would have above 2.20 per cent, of sulfur. Comparing these 
figures with the average of the bituminous coals of the country, especially 
if the marine coals of the central fields are excluded, would seem to 
show that most of the sulfur in the coal was acquired at the. time of or 
during the deposition of the coal, That what has been called ^^second- 
ary platy pyrite” has come into the coal since its deposition seems highly 
probable from its manner of occurrence, though such an origin may 
remain to be proved. Further, it is a fact of observation in many mines 
where the roof is in part shale and in part sandstone, that the highest 


* U. S. Bureau of Mines BuU. 22. 
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percentage of sulfur is found in those parts of the mine where the roof is 
sandstone. In view of the permeability of sandstones, as compared 
with shales, to moving waters, it would appear probable that at least 
the excess of sulfur under the sandstone might be due to secondary 
enrichment, though without more detailed study than the writer has yet 
made such a relationship could not be asserted. It is probable that a 
detailed study of the coal in such mines might reveal a difference in 
character and occurrence ■ of the sulfur that would at once indicate 
whether such a supposition were correct or not. 

Third, David Wiite* suggests a relationship between the presence 
of high sulfur and marine conditions surrounding the laying down of the 
beds. As bearing on that theory it may be noted: First, that in the 
analyses of peat quoted above most, though not all, of the high-sulfur 
peats are salt marsh peats; second, if the analyses of Indiana coals in 
Bull. 22 of the Bureau of Mines are separated into groups, one of which 
consists of the analyses of coals having a gray-shale roof with plant 
remains and another of the analyses of coals having marine fossils in 
the roof shales, which are commonly black and sheety and overlain with 
a marine limestone, *it is found that none of the first group of coals has as 
high as 3 per cent, of sulfur while none of the second group of coals has 
less than 3 per cent, of sulfur. Again reviewing the analyses of IJlinois 
coals, it may be noted that the analyses of the No. 5 coal are all high in 
sulfur except those near Harrisburg. The normal roof of the No. 5 
coal is a black shale containing marine shells, but near Harrisburg the 
roof is a sandstone. Likewise, the analyses of the No. 6 bed commonly 
show high sulfur except in the very limited area of thick coal in Franklin 
and Williamson Counties. A study of the roof bed of No. 6 shows that, 
in general, the coal is overlain by a limestone in places lying directly on 
the bed, in others separated from the coal by a small thickness of black 
shale, like that over the No. 5 bed. In an area of thick coal in Franklin 
and Williamson Counties, however, there appears to have been a basin 
in which the limestone rises 15 ft. or more above the coal and the im- 
mediate roof is a plant-bearing gray shale. The coincidence is at least 
worthy of note and offers a definite line for future study. A similar 
comparison of the sulfur in the Klondyke and Mingo beds of Mingo 
Mountain, Tenn., shows that' while both beds are low in sulfur, the 
sulfur is highest in the Klondyke bed, which is immediately overlain 
by a shaje carrying marine fossils, while the Mingo bed is directly over- 
lain by a shale carrying plant remains. 

A careful review was made of the roof of the Pittsburgh coal to see if 
such an explanation would account for the change from the low-sulfur 
conditions found in the coal in the Georges Creek and Connellsville 
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areas at the east, as compared with the high-sulfur conditions found in 
the same bed in Ohio to the west. Definite evidence was not found. 
Mr. Campbell calls attention to the fact that, in part of Washington 
County, the Pittsburgh bed is overlain by an abundance of plants. In 
general, however, plant remains are very rare over the Pittsburgh bed. 
Lingula are found in the shale over the Pittsburgh bed in places and 
might be interpreted as indicating marine conditions, though that is 
not yet definitely proved. It may be noted, however, that the roof in 
the eastern part of the field usually consists of shales or sandstone over- 
lain in some districts by a limestone, -while farther west, in Ohio, this 
same limestone is much closer to the coal bed and in places lies immedi- 
ately on top of the coal bed. This limestone is believed to be a fresh- 
water limestone, but it may be that changed conditions indicated by the 
difference in the section of rocks just noted has something to do with 
the difference in the suKm’ contents of the beds. Again, comparing the 
Pittsburgh bed in the Georges Creek region, which carries a very low 
percentage of suKur, with the coals of Allegheny age underlying it, 
which were at least laid down when there were incursions of the sea, 
this latter fact may have something to do with the higher percentage of 
sulfur found in the lower beds at most points. 

A comparison of the sulfur in different beds of the same general 
region does not indicate anydefinite relationship between age and sulfur 
content. Lack of time has not allowed the writer to make an extensive 
study of this phase of the subject but so far as he has gone he has not 
found that the older coals of a series in a county or state, for example, 
uniformly carry less sulfur than the younger coals. Thus, in the coal 
beds of Ohio, taken in descending order, there occurs, according to Mr. 
Bownocker,® the following percentages of sulfur: Meigs Creek coal, 
4.28; Pomeroy coal, 2.42; Pittsburgh coal, 3.81; Upper Freeport coal, 
2.54; Upper Kittanning, 3.30; Lower Kittanning, 3.26; Clarion, 4.33. 
Nor does there appear to be any definite relationship between the per- 
ceiitage of sulfur and age of coal beds when comparison is made in the 
analyses of coals directly overlying one another, as where they are mined 
from the, same shaft. It thus appears that the percentage of sulfur is 
controlled by the conditions existing during the laying down of each bed. 

It is not intended to discuss -the origin of pyrite in coal in this paper, 
as that is mainly a chemical problem, but to call attention to certain 
factors involved. It has been the general assumption that the sulfur 
of the pyrite in coal has been derived from sulfates, the presence of which 
is recognized in both ground waters and sea waters. Bischof estimates 
that the ash of beechwood has enough sulfuric acid and iron oxide to 
form about one-fifty-thousandth of the weight of the wood in pyrite. 


® XJ. S. Gcol. Survey Frof, Paper 100-B. 
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If, however, outside sulfates are brought in there is enough iron in the 
wood to yield 23 times as much pyrite. Fir wood could yield 10 times 
as much as beechwood, or, roughly, with the outside sulfates, 0.5 per 
cent, of the weight of the wood. The fuci are estimated to contain 
nearly 4 per cent, of the dry plants in sulfuric acid. Where pyrite occurs 
as a regular band in the coal, it would appear to have been deposited 
simultaneously with the coal, possibly as iron carbonates or bog-iron 
ore such as are forming in many swamps today, which afterward, by 
decomposition of calcium or magnesium sulfate, was converted into 
pyrite with liberation or removal of calcium carbonate. The same 
would be true, possibly, of definite bands or lenses. The pyrite nodules 
with calcite cores suggest that, in those places, the nodules were origin- 
ally of calcite and had been partly pyritized afterward. The abundance 
of nodules with calcite cores suggests that most or all of the nodules were 
originally calcareous and deposited by concretionary action. The fact 
that most of the nodular pyrite in coal is today in the form of flat lenses 
suggests that the formation of the lens left it at first in a plastic condi- 
tion, so that in the motion of the peat bed under pressure the nodules 
lost their normal globular or oval shape and were compressed into 
more or less very flat lenses. In either of these examples it is obvious 
that the pyrite is the result of secondary processes, which may, however, 
have taken place before the bed of peat was buried. In this connection 
it must be remembered that most coal beds form ready channels for 
the movement of ground waters so that the possibility of the change 
taking place at a much later date through the transformation of original 
calcareous or other deposits must be considered. The type of pyrite 
deposits described as ^'secondary platy pyrite'^ would seem to be obvi- 
ously the result of infiltration at a date possibly long subsequent to the 
laying down of the coal bed. 
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Distribution of Anthracite* 

BY A. S. LEAROTDjt WASHINGTON, D. C. 

(Chicago Meeting, September, 1919) 

The Anthracite Division, Bureau of Distribution, of the United 
States Fuel Administration, came into existence about Oct. 20, 1917. 
There had been no definite policy determined upon and the distribution 
had been carried out by the producers and ‘ distributors of this fuel as 
under normal conditions. The domestic sizes had been shipped from the 
beginning of the coal year on Apr. 1 in about their usual proportions to 
the various sections of the anthracite consuming territory of this country, 
which, in a general way, extended as far west as Nebraska and Montana, 
and in the south along the Atlantic seaboard to Florida. With the advent 
of cold weather, about the middle of November, acute shortages com- 
menced to develop all over the northeastern section of the country, due 
to largely increased demand by the public in general, to enormously 
increased population in centers where industrial war activity was con- * 
centrated, and by the needs of the war industries themselves. 

Commencing with the early part of December, this demand was 
aggravated by extreme low temperatures and heavy snow; and the pro- 
duction decreased for the same reasons. From that date until the change 
in the weather, about the latter part of February, it was simply a question 
of getting coal into communities as emergencies occurred, to take care of 
individual cases. No definite plan of distribution could be followed. 
The coal mined between Apr. 1 and Nov. 1 had been distributed 
as mined and therefore only current production was available for 
distribution. 

The Anthracite Division, during this period, consisted of a Director, 
two assistants, together with an office force of seven or eight clerks and 
stenographers. 

The trying experiences of the winter of 1917-18 had, however, shown a 
ready wiUingness on the part of the anthracite operators and distributors 
to cooperate in every way with the United States Fuel Administra- 
tion. It was realized that if a definite and comprehensive plan of distri- 
bution could be formulated to become effective Apr. 1, 1918, determined 
on the actual needs of each state and community, the producers 


* Read before Pennsylvama Anthracite Local Section, June, 1919. 
t Chief of Anthracite Division, XJ. S. Fuel Administration. 
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and distributors would follow this plan and that with the advent of the 
winter of 1918-19 each community would have its coal and, with proper 
local distribution, the bitter experience of the former winter could be 
avoided. The anthracite operators and distributors were called together 
in a conference at which a brief outline of the general plan was laid before 
them. They were asked to recommend three persons as members of the 
Anthracite Committee, which would have charge of the -detailed distri- 
bution; they recommended Mr. J. B. Dickson, of the firm of Dickson & 
Eddy, Mr. W. J. Richards, President of the Philadelphia & Reading Coal 
& Iron Co., and Mr. S. D. Warriner, President of the Lehigh Coal & 
Navigation Co. These three gentlemen, therefore, were appointed by 
the United States Fuel Administrator as the Anthracite Committee, with 
headquarters in Philadelphia. 

The Committee gathered from, each operator and producer his com- 
plete distribution by communities and states for the coal year commencing 
with Apr. 1, 1916, to serve as a basis for the allotments by states and 
communities for 191S-19. The 1916 coal year was taken because it 
was a much more normal year than the year commencing with Apr. 1, 
1917. The figures for some 16,000 communities were gathered for 100 
per cent, of the production. The tonnages were then entered on cards, 
one showing the total to the town and backed by one for each producer 
shipping to that community showing his tonnage, the total of the latter 
equaling the community tonnage. These were arranged alphabetically, 
by states, and showed the detailed distribution of practically, every ton 
of domestic anthracite for the basic year. The community totals were 
drawn off on to typewritten sheets by states, and each state set then 
showed the amount of domestic anthracite that each community con- 
sumed in a normal year when, practically speaking, everybody could get 
all the coal they needed. 

Based on the experience of the winter of 1917—1918, it was realized 
that, from a transportation standpoint, with the great increase in war 
industrial activity, it was hardly possible to do more than move sufl&cient 
bituminous coal into that section of this country comprising the New 
England States, eastern New York, eastern Pennsylvania, New Jersey, 
Maryland, and Delaware to keep the essential war industries in operation, 
and that, therefore, if the domestic consumer was to have his require- 
ments taken care of, so far as the section mentioned was concerned, 
it must be done with anthracite. On the other hand, states like those 
south of the Potomac and Ohio Rivers, and west of the Mississippi, as 
well as Ohio, Illinois, Indiana, and western Pennsylvania, could, in 
whole or in part, substitute bituminous noal or other fuels. The largely 
increased needs of the Government, for cantonments and camps, of the 
war industries that must use domestic anthracite in their manufacturing 
processes, and the public utility gas plants, had also to be provided for. 
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The Government needs were determined^ a careful check of the war 
industries made, and the requirements of the water-gas plants carefully 
catalogued. These consumers required 1,450,000 gross tons of domestic 
sizes more than in 1916-17. The production used was the same as in 
. 1917-18, which with the shortage of labor was considered the maximum 
possible. This was a total of 79,000,000 tons, 68 per cent, domestic 
sizes, or 53,720,000 gross tons. Deducting 1,450,000 tons, the excess 
over 1916 for the Government, war industries and gas plants, there 
remained 52,270,000 for distribution as against shipment for all purposes 
of domestic sizes during the 1916 coal year of 51,677,460. Included in 
the latter figure was the consumption of domestic sizes by industries, 
hotels, apartment houses, schools, municipal buildings, public utilities, 
and about 2,500,000 tons used by the steam railroads for locomotive and 
other purposes. 

It was realized that a large part of the railroad tonnage and a part, 
at least, of that used by the other consumers mentioned could, by the 
substitution of bituminous coal or the steam sizes of anthracite, be 
conserved for domestic consumption. It was from this conserved ton- 
nage that the liquid tonnage to SLl emergencies must come, and which, 
inasmuch as the total expected production was to be allotted, would pro- 
vide the factor of safety. 

After the most careful study by the Anthracite Committee, the allot- 
ments to the states to which anthracite was to be furnished were deter- 
mined. The factors used in the conclusions reached were those already 
given. The sheet then stood as follows : 

Geoss T0N^4 


Expected production domestic sizes, 1918-'19 . •. 


Requirements, U. S. Government 1 . 


War industries, Gas plants / 


in excess over 1916. 


53,720,000 

1,450,000 


Allotments, 1918-19: 


N. E. States 

New York, Pennsylvania, New Jersey 

Delaware, Maryland, District of Columbia. . 

Virginia 

Ohio and Indiana 

Illinois 

Michigan 

Iowa 

Minnesota, Wisconsin, North and 

South Dakota. 

Canada 

Export, Cuba, Bermuda, Newfoundland 

Steam railroads 


Geoss Tons 

Pee Cent. 
OP 1916-17 

10,172,000 

115 

30,857,500 

111 

102,000 

40 

518,400 

40 

1,550,600 

70 

1,200,000 

75 

145,000 

40 

2,380,000 

88 



3,600,000 

92 

51,900 

90 

2,500,000 

100 

63,077,400 


Totals 


52,270,000 
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Nebraska, Montana, Missouri, and all states south, of the Ohio and 
Potomac, except Virginia, were cut off entirely. The difference in the 
allotments to the western states was determined by the availability of 
other fuels for domestic purposes and by the presence of large cities, 
where anthracite had been the principal domestic fuel and where a com- 
plete turn-over to bituminous coal would have been impossible as against 
the smaller towns where in the past anthracite had constituted but a 
small part of the total domestic consumption and where the turn-over 
could be accomplished without extreme hardship. It will be noted that 
in order to take care of the east, where anthracite was not only the natural 
domestic fuel but because of transportation conditions must fill the domes- 
tic needs, a reduction to the west of 40 per cent, and a complete elimi- 
nation of anthracite in a number of western and southern states were 
necessary. 

After the state allotments had been determined, the Federal Fuel 
Administrator for each state was furnished with a statement showing the 
shipments of the 1916 coal year by communities and was advised as to 
the total allotment covering the 1918 coal year. It was for him to deter- 
mine what changes should be made in the distribution by communities 
as of 1916; in other words, what communities could get along with less 
coal than they had in 1916 — ^those whose requirements would not ex- 
ceed 1916 and those where increased amounts of domestic anthracite 
were needed, due to largely increased population or other reasons. The 
various state a dminis trators, after conference with their county and local 
committees, finally determined with the anthracite committee on the 
exact tonnage of domestic sizes of anthracite to move into each community 
in their states to which anthracite was to be furnished as domestic fuel. 
These figures were furnished the producing or distributing companies 
upon whom the community ordinarily depended for its anthracite, 
and these sources of supply forwarded the coal in proportionately in- 
creased or decreased quantities as against their 1916 tonnages. 

This plan, except in rare cases, meant no change in the normal source 
of supply for a community. In one, where there was an increase of 25 
per cent, over 1916, the shippers who furnished the coal in 1916 simply 
increased their tonnage to their regular dealers 25 per cent. It did mean, 
however, a considerable hardship commercially on many producers who 
were obliged to give up entirely states like Nebraska, Missouri, and the 
South, where they had taken years to build up a trade, and to ship in- 
creased quantities to the east, where, as soon as the war was over, the 
tonnage would go back" to normal. It is notable, however, as showing 
the cooperation of the industry as a whole with the Fuel Administration, 
that the plan was adopted and literally followed without a complaint. 
The local fuel administrators took charge of local distribution in commu- 
nities. Each consumer signed a card covering his requirements and care- 
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ful check was kept of amount required, sizes used, amount on hand, and 
so on. 

At this time ail producers, distributors, and dealers were ordered 
not to deliver domestic sizes to any consumer, except practically only 
for domestic use, without a permit from the United States Fuel Admin- 
istration. This forced apartment houses, office buildings, stores, and 
industries, to apply to Washington for a permit. Each one was investi- 
gated, and whenever by change of grate, or otherwise, either steam sizes 
or bituminous coal could be used, the permit to use domestic sizes was 
denied. Many small industries, apartment houses, office buildings, 
schools, and hotels had used pea, chestnut, or egg coal for steam purposes. 
They were obhged to turn to other fuels. Domestic sizes were only given 
to such industries as brass and cupro-nickel plants, where the industry 
was essential and where only domestic sizes could be used. About one 
thousand permits were issued, about nine thousand denied. At the same 
time negotiations with the steam railroads resulted in a reduction in 
their requirements from 2,500,000 to 1,000,000 tons. 

As showing the increased amount of work that this plan of distribu- 
tion entailed on the Anthracite Division in Washington, the following 
figures of total communications received and forwarded by the Anthra- 
cite Division, are interesting: 


January, 1918 1,702 

April 4,184 

May 6,228 

June 8,614 

July 11,449 


The Division increased to a Director, two assistants, and a clerical and 
stenographic force of eighteen. 

The community totals for 1918-19 were entered on the cards in the 
records of the Anthracite Committee and each producer’s card to each 
community had entered upon it the new tonnage, either increased or 
decreased, as compared with 1916, which that producer contributed to 
the community total. 

As each month passed, the producing companies reported to the 
Anthracite Committee the shipments made by them to each community 
where they had an obligation. The total to each community entered in 
the records of the Anthracite Committee showed the montMy progress 
of shipments into each and every community. Where for some reason 
or other a community ran behind or ahead, the monthly records at once 
showed it and an order was issued by the Anthracite Committee to 
the producers shipping to the town, to speed up or retard shipments 
accordin^y. 

The general plan involved the movement of coal in approximately 
twelve monthly installments, modified, of course, by the necessity of 
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completing the total allotment for movement via the Great Lakes to the 
Lake Superior Docks, Lake Michigan Docks, and Canadian water ports 
before, the close of November. The plan also contemplated somewhat 
more than the monthly proportion to New England, particularly for 
water deliveries. To offset this increased monthly proportion for Lake 
and New England destinations, somewhat less during the spring and 
summer than the one-twelfth was shipped intO' the states nearest the 
mines. This plan was successfully carried through, and at the close of 
the lake season, on Dec. 1, the entire northwestern tonnage had been 
forwarded from the Lake Erie ports. All of the Canadian water destina- 
tions had received their allotments, .and New England was substantially 
ahead of the eight-twelfths due on an equal division on that day. With 
the close of the lake season, the lake tonnage was available for distribu- 
tion into the territory nearer to the mines. 

In order to provide a quick remedy for any emergencies where a small 
amount of coal was required at once,. the state administrators were given 
the right to call on the Anthracite Committee for shipment to them of 
emergency coal, which the state administrator could put into any com- 
munity where the need of a few cars was immediate. To equalize distri- 
bution within the community, the state administrator could divert from 
one dealer, who had perhaps more than his share, to another one who had 
less; he could also call upon the Anthracite Committee to speed up the 
movement into communities that, for some reason or other, were not 
receiving what they should. 

The production during October and November was seriously inter- 
fered with by the influenza epidemic, which prevailed to an alarming 
extent in the mining region. On the other hand, the mild weather of 
November and December cut down what would have been the consump- 
tion with normal fall and winter weather, and it was estimated that one 
about offset the other, so that on Jan. 1. the situation was comparable 
with that which would have prevailed had production during October 
and November been normal, and the weather of November and December 
customary for those two months. The emergency cases before the 
Anthracite Committee on Jan. 1 were limited to a very small number; 
the orders issued for the immediate shipment of coal being extremely few 
and the whole situation in most excellent shape, proving that the plan 
was basically sound, that the allotments were sufficient, and that the 
execution had been carried out successfxilly. 

The plan had been carried through as originally outlined, with no 
change excepting in a few instances where state administrators had 
increased or decreased the allotments to certain communities. The suc- 
cess in its execution was due to the careful attention given to its details 
by the Anthracite Committee. 

The following figures wiU show the detail of the distribution into some 
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few eastern cities where the allotments for 1918-19 were in excess of the 
actual 1916-17 consumption, including principally manufacturing cities 
where war activities were centered: 


Shipments 

Allotments 

1 Allotments 

Shipments 

i Coal Year 

Coal Year 

Apr. 1 , 1918 

Apr. 1 , 1918 

1916-1917 

1918-1919 

1 Jan. 31, 1919 

Jan. 31, 1919 


Boston, Mass 

1,428,368 

1,571,608 

1,309,673 

1,329,225 

Worcester, Mass 

263,142 

299,107 

249,256 

239,575 

Fitchburg, Mass 

63,634 

62,500 

52,083 

50,724 

Lawrence, Mass 

84,941 

102,700 

85,564 

84,950 

New- Bedford, Mass 

1 125,290 

126,800 

105,638 

105,544 

Providence, R. I 

330,501 

1 409,029-B 

• 340,857 

291,368 

New Haven, Conn 

' 309,027 

341,902 

284,918 

279,652 

Bridgeport, Conn 

223,636 

300,000 

250,000 

258,817 

Hartford, Conn 

276,202 

285,000 

237,642 

228,320 

Greater New York 

1 7,143,844 

7,998,385. 

6,665,321 

6,989,477 

Albany, N, Y 

’ 278,847 

295,977 

246,648 

241,881 

Binghamton, N. Y 

121,499 

139,100 

115,946 

114,436 

Schenectady, N. Y 

165,636 

196,300 

163,580 

160,983 

Syracuse, N. Y 

322,631 

380,212 

316,843 

310,403 

Rochester, N. Y 

514,829 

586,178 

488,482 

422,156 

Newark, N. J 

581,221 

631,935 

526,612 

451,071 

Paterson, N. J 

211,044 

222,000 

185,030 

186,045 

Trenton, N. J. 

194,739 

224,000 

186,663 

192,454 

Philadelphia, Pa 

2,353,649 

2,800,000 

2,333,333 ! 

2,282,586 

Chester, Pa 

72,031 

98,500 

82,083 i 

78,580 

Allentown, Pa 

146,312 

160,000 

133,333 : 

130,690 

Bristol, Pa i 

12,089 

25,000 

20,833 j 

22,085 

Harrisburg, Pa i 

122,919 

163,214 

136,012 

116,758 

Wilmington, Del 

140,831 

159,200 

132,667 

128,977 

Baltimore, Md 

635,800 

682,173 

568,477 

602,274 

Washington, D. C 

470,128 

604,137 

503,447 

458,934 


The armistice, early in November, cut off almost at once a large 
portion of the industrial consumption and the mild winter resulted in 
largely decreased consumption by householders, so that by Feb. 1 the 
tpnnage moved was sufficient to provide for the needs of the entire .coal 
year. During January, the whole situation had so eased up that any 
community could get what coal it wanted, and where certain cities like 
Providence, Eochester, and Newark show for ten months less than ten- 
twelfths of the allotment, it was due to inability to take the coal rather 
than inability to secure it. The allotment for Providence was un- 
doubtedly excessive, and this, with strict conservation of the domestic 
sizes, resulted in the situation as shown. At Rochester, after the allot- 
ment was made, a considerable tonnage of coke was made available to 
displace anthracite, which accounts for a large part of the discrepancy 
in this city. In Newark, by the strictest sort of control, many former 
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consumers of pea, chestnut, and egg coal were only given bituminous, or 
the steam sizes of anthracite, making available here for domestic con- 
sumers a considerable tonnage that formerly had gone for other purposes. 

On Feb. 15, all control over anthracite by the Fuel Administration 
was withdrawn. As a result of the warm winter and the armistice, the 
mines went on short time in February and March. 

The records of shipment for the complete coal year will provide the 
the most valuable basis for any future plan of distribution which might 
become necessary. The figures of 1916-17 are complete, and the 
figures of the 1918-19 coal year, under the war conditions that prevailed, 
will show the difference due to such war conditions and wiU, further, show 
the accuracy of the community allotments as a whole. If, in the future, 
necessity should arise for control of the distribution of domestic anthra- 
cite, it would be difficult to devise a more complete system than the one 
described. The experience gained and the records kept will enable the 
control of distribution in the future to be taken up and successfully carried 
out on the shortest possible notice. 

No control was exercised by the Anthracite Committee over buck- 
wheat, rice, and barley, the three steam sizes of anthracite that are only 
used to a shght extent for domestic purposes. They had their regular 
consumers and the tonnage was sufficient, so that the normal movement 
from the producer to the consumer successfully and satisfactorily took 
care of the situation. 
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Research in the Coal-mining Industry 

BT E. A. HOIBKOOK,* E. M., WASHINOTON, D. C- 
(Chicago Meeting, September, 1919) 

Reseabch, primarily, is finding out tlie truth. Research applied to 
engineering opens the door to new principles and processes, the application 
of which benefits mankind in a material way. The engineer believes 
that investigation instituted with the primary view of making the results 
directly applicable to the industries is the highest type of research. Coal 
is essentially the basis of modern industrial civilization; therefore, any 
considerable research pertaining to coal must link itself to the industry 
by practical application of the results of the research. In other words, 
all investigational work connected in any way with coal leads to 
conclusions that permit a better understanding of the origin, nature of 
occurrence, composition, better and safer mining, more careful prepara- 
tion, or greater efficiency in utilization of coal. 

Modern engineering research has been fostered essentially by universi- 
ties and in the laboratories of institutions of learning. Coal problems 
that lend themselves to solution in the laboratories have been first attacked 
and are perhaps the farthest toward solution. For example, a great 
amount of research work has been carried out with the various phases' of 
chemistry connected with coal. On the other hand, the equally impor- 
tant problems connected with methods of mining have received but little 
attention, primarily .because their solution involves the continued use 
of a great and expensive laboratory, which is none other than the mine 
itseh. As many of the problems already solved have had chemistry as 
their background, so many of the problems unsolved have physics as 
their background; there are also unsolved problems that deal in coal 
economics. Even psychology must be called upon in future coal-mining 
research as a basis for solving those great problems that deal with human 
relationships. In general, considerable advance has been made in coal 
research dealing with chemistry, not so much progress has been made 
with problems having physics and engineering as a background, while 
there is a tremendous range of untouched problems that deal essentially 
with business and psychology. 

Research in coal mining is not a new development.* In the chronicles 
of the northern coal trade as published in the Transactions of the North 


* Acting Chief Mining Engineer, XJ. S. Bureau of Mines. 
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of England Institute of Mining Engineering,^ it is recorded that about 
the year 1740 the mischievous practice of screening coal was introduced 
at one of the collieries. Even at that time some investigator had found 
that certain advantages were to be secured in combustion by sizing the 
particular coal, to the evident discomfort of the chronicler. The historic 
researches of Clanny, Davy, and Stephenson, leading to the discovery 
and application of the safety lamp in coal mining early in the 19th 
century are well known. It is noteworthy that Davy and Stephenson 
succeeded by the two opposite methods of research. Davy, the educated 
chemist, by scientific research leading to a definite conclusion, and 
Stephenson, the mechanic, by sheer native ability as an experimenter 
and inventor. 

After the experiences of the world during the recent war in regard to 
fuel supply, the importance of coal cannot be overemphasized. It needs 
no argument therefore that any investigation or research designed to 
increase knowledge of supply, of more efficient production, of better 
preparation, or more efficient use of coal is not only legitimate but 
absolutely necessary if the country is to maintain its lead as a commercial 
nation. Of all the essentials to modem civilization, coal is the one factor 
whose use involves absolute destruction without hope of replacement.^ 
Ores when mined are in use for many years and generally may be re- 
claimed partly and reused. The exhaustion of known high-grade bodies 
only leads to the development of lower grade bodies 'as necessity arises. 
Nitrate beds, the exhaustion of which was once feared, can now be re- 
placed by the recovery of nitrates from the air. Timber will grow again 
within a comparatively few years. Even the farm lands of the world 
may probably be made inexhaustible by better methods of cpltivation. 
While the future will see many beds of coal worked, the exploitation of 
which is not now commercially profitable, yet a too low-grade coal 
deposit becomes simply a carbonaceous shale that wiU not burn and from 
which it does not seem feasible ever to extract the carbonaceous matter 
in such state that it may be used as a fuel. The definite supplies of coal 
have, in a general way, been measured and their intelligent use becomes 
a necessity. 


Present Status of Coal-mining Research 

Everybody recognizes that the war has brought permanent changes 
to the industries of every country. Abroad, these changes are leading to 
a larger recognition of the importance of engineering in world affairs and 
of the need for engineering advice, also the need of more accurately 
obtained facts, such as those gained in a well-conducted engineering 

1 ( 1865 - 6 ) 16 , 205 . 

. 2 Petroleum and natural gas also come in this class of destructible essentials. 
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research. This country cannot be dependent on foreign nations for proc- 
esses that can be developed at home. 

The most notable example of sytematic study of after-the-war 
problems is the British Ministry of Reconstruction, which has been in 
operation over a year and has been organized into several scores of 
subcommittees, many including engineering research. One of their 
fifteen main commissions is on coal and power, and is subdivided into 
two main committees and four subcommittees. The important com- 
mittee is called the Coal Conservation Committee; its duties are to 
consider and advise on: (1) What improvements can be effected in the 
present methods of mining coal with a view to preventing loss of coal in 
working, and to minimize cost of production. (2) What improvements 
can be effected in the present methods of using coal for the production of 
power, light, and heat, and for recovering byproducts, with a view to 
insuring greatest possible economy in production and the most advanta- 
geous use of the coal substance. (3) Whether, with a view to maintaining 
their industrial and commercial position, it is desirable that any steps be 
taken in the near future, and if so, what steps, to secure the development 
of new coal fields or the extension of coal fields already being worked. 
There are subcommittees on mining, power generation and transmission, 
carbonization, and geology, that wffl investigate questions of mining and 
preparation of the fuel for industrial and commercial purposes and the 
application of carbonization. 

In the Department of Scientific ^d Industrial Research, out of 
twenty-one subcommittees, at least four are concerned directly with 
research in the coal industry as follows: (1) A Fuel Research Board to 
investigate the nature, preparation, and utilization of fuel of all kinds, 
both in the laboratory and, when necessary, on an industrial scale. (2) 
A standing committee on engineering, which specifically includes mining. 

(3) A Mine-rescue-apparatus Research Committee to inquire into the 
types of breathing apparatus used in coal mines and, by experiment, to 
determine the advantages, limitations, and defects of the several types 
of apparatus, what improvements in them are best, whether it is advisable 
that the types be standardized, and to collect evidence on these points. 

(4) An Irish Peat Inquiry Committee to investigate the digging, prepa- 
ration, and use of peat. 

The British Government has placed a fund of a million pounds at the 
disposal of this research committee*to enable it to encourage the industries 
mentioned to undertake research. It is the intention to combine the 
powers and resources of the industries with Government aid, and funds 
allotted to each industry will be expended by a committee appointed by 
the contributing firms in that industry, the results to be available for the 
benefit of all the contributing firms. Each firm joining such an’ organiza- 
tion will receive the following benefits: 
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1. It will have the right to put technical questions and to have them 
answered as fully as possible within the scope of the research organization 
and its alhed associations. 

2. It will ha’ve theright to recommend specific subjects for research and, 
if the Committee or Board of the research organizations of that industry 
consider the recommendation of sufiScient general interest, the research 
will be carried out without further cost to the firm making the recom- 
mendation, and the results will be available to all firms in the organization. 

3. It will have the right to the use of any patents or secret processes 
resulting from all researches undertaken either without payment for 
licenses or on only nominal payment, as compared with firms outside 
the organization. 

4. It will have the right to ask for a specific piece of research to be 
undertaken for its sole benefit at cost price, and, if the governing Com- 
mittee or Board approve, the research will be undertaken. 

Furthermore, a Bureau of Information with a regular service of tech- 
nical information will be available. It is anticipated that the association 
will make every possible use of existing facilities and scientific research, 
and that special research institutes may be established in the future. 

In this country, the National Eesearch Council, in its Committee 
on reconstruction, recommended three fields of research: Materials, 
men or man power, and ideals or principles. These can all be applied 
to the problems in the mining industry. Up to the present time, most 
of the coal researches in this country have had to do with materials, 
including technology, with the exception of the .studies having safety 
of human life as a basis. 

Through Congress and with the co5peration of local agencies, the 
United States Bureau of Mines during the past 10 years has been able to 
undertake coal investigations relating to mine accidents, testing fuels 
and mining appliances, and to educational work for the safety of miners. 
Considerable progress has been made on certain problems, but new and 
greater problems are awaiting solution. As in other lines of research, 
many of the easy problems have been solved, and the future must see 
this Government Bureau devoting itself to more difficult problems of 
slower solution and of such magnitude or extent that more restricted 
and smaller research agencies, as mining colleges and private companies, 
cannot afford to carry on. 

Governmental or private research in coal problems, to be of any real 
value, must be of direct benefit to operators, miners, and engineers 
actually engaged in producing and utilizing coal. These men are so 
absorbed with the tasks of production that they do not have time to 
make their individual researches and knowledge available for the in- 
dustry and, frequently, they do not come into contact with research 
results that might benefit them. In any thought of a research program 
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in coal for the future, special plans must be made for getting the results 
to every one in the industry who might be benefited. 

Fields op Research in Coal Mining 

Research in coal and coal mining naturally divides itself into several 
branches as follows: 

1. Research as to resources, origin, occurrence, and constitution, the 
province of the geologist and the chemist. 

2. Research in development and exploitation, designed primarily to in- 
crease safety and efficiency and the application of more scientific knowl- 
edge and greater mechanical skill in getting the coal out of the ground. 
This is the province of the mining engineer, with the cooperation 
of the chemist, the physicist, and other engineers attacking the special 
problems of coal mining. 

3. Research in preparation for the market, in the past, has been the 
field of the mining engineer or, at times, of the mechanical engineer as it 
involves the use of complex machinery. Probably this field belongs to the 
metallurgist and mining engineer ' in the same way that the field of ore 
dressing has developed into a specialty the needs of which are met by 
the hydrometallurgist called an ^^ore-dressing engineer. 

4. Research in utilization, a field belonging to the fuel or combustion 
engineer and generally considered a branch of mechanical engineering. 
Recent developments in the coking and byproduct industries have 
brought a number of other technical professions into contact with coal 
utilization, notably the coke specialist or metallurgist, together with the 
gas engineer and the industrial chemist. 

6. Research in coal economics. Coal mining and the coal trade, 
through the ever increasing complexity of the industry, are becoming 
matters of a business that hnfcs technology with economics. As a rule, 
the most successful coal-mining engineers have been those who have 
combined their technical knowledge with the business of the industry, 
How wide the field and how vital the need for more knowledge are best 
illustrated by the relative importance of the U. S. Fuel Administration 
during the war and the vast number of problems that confronted it. 

6. Research in human relations. This field has been designated vari- 
ously as human relations, industrial relations, social betterment, and 
welfare work. It should not be confused with any attempts to be pater- 
nalistic to the worker. How to put the results of research where they 
will do the most good is just as truly a problem in this field as is any 
consideration of labor and capital. 
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Research as to the Resources, Origin, Occurrence, and 

Constitution 

Through study of the earth strata of the United States, the geologist 
has been able to approximate the possible areas underlain with coal, 
to know in a general way the beds of present and future commercial 
thickness that occupy these areas, and thus to arrive at a general idea 
of our total coal resources. However, brought down to any given local 
area, there is not enough geological knowledge to estimate with any 
degree of accuracy the coal tonnage to be expected from this area. 
There are exceptions to this rule, however. In some states the coal 
beds are of such regularity over large known areas that it is safe to fore- 
cast resources by our present knowledge. In many districts, however, 
detailed private exploration has revealed that the coal formerly thought 
to extend over a given area in commercial thickness and with regularity 
has thinned to a width where it is not of commercial importance or 
else it is contaminated with shale and dirt bands or other impurities, 
thus rendering it of less value than was formerly thought; or that the 
coal, although existent over the area really lies in a series of lenses or 
pockets, thus decreasing greatly the reserves of coal thought to exist 
there. In some cases the reverse has been true and the opening of mines 
in a new region has proved the coal to be of greater thickness and value 
than had been previously thought. The time has come when the local 
agencies, notably the State Geological Surveys, should be put in a posi- 
tion to make more detailed studies as to the local occurrence, distribu- 
tion, and character of the coal beds within various states. This should 
be advocated even to the extent of appropriating money to drill certain 
doubtful areas. There is no other expenditure of a like amount of money 
that might add so much to the wealth of a state and do away with the 
doubt and uncertainty that often forbids the investment of private 
capital in a coal enterprise. 

It is, further, the province of the geologist, in cooperation with the 
chemist, physicist, microscopist, and the biologist to determine with 
greater exactness the nature and origin of the coals and the laws and 
facts governing the occurrence of impurities in the seams. For example, 
the most deleterious impurity in coal today for many purposes is sulfur. 
Yet of the origin, distribution, and method of occurrence of sulfur in 
coal but little is known. These basic facts are essential if progress is to 
be made in the use of high-sulfur coals in operations now requiring 
low-sulfur coals, and particularly if the sulfur is to be removed from 
these coals, either by some process before the coal is utilized or in the 
coking process or even in the gas itseK. Research on the constituents* of 
coal must also be the basis of any new developments in methods of coking, 



E. A. HOLBROOK 


753 


new uses of byproducts, or in fact any radical improvements in the com- 
bustion processes that use coal as a fuel. 

Scarcely anything is known about the changes that have led to the 
present state of the solid hydrocarbons known as coal, or the conditions 
by which nature has recemented and fixed these hydrocarbons in the 
hardened mass. These may be questions of temperature, pressure, and 
solution; physical chemistry as related to the nature of coal. Besides 
these there is a host of more nearly purely geological problems in con- 
nection with the strata and flora associated with the coal beds but which 
have a more indirect connection with the economic working of the coal. 

Research in Development and Exploitation 

Research in the mining of coal is properly a part of the greater general 
subjects of coal conservation and of safety to life. By coal conservation 
is meant the intelligent development and extraction of coal to supply 
the fullest tonnage demanded, and not that kind of conservation which 
has the idea of retarding development in order to save coal for the future. 

Development 

There are a number of problems connected with coal-mine develop- 
ment on which the accessible data are inadequate. , Some of these refer 
to the best methods of sinking a shaft imder different conditions to the 
bed, or indeed as to under what particular conditions a shaft rather than a 
slope should be used to open up the deposit. Questions like the use of 
proper shaft linings also give an idea of the sort of problems on which 
more data are needed. There also is the question of the shaft bottom 
layout, which is often made according to the experience of the engineer 
in charge and without a full study of local conditions or a knowledge of 
experience elsewhere, which should influence his decision. Published 
data at present are inadequate. 

Exploitation 

Gradually, as a mine is developed, more and more problems are en- 
countered that can be considered more properly under exploitation. 
In general, the investigation problems in coal mining proper involve 
three subclasses: those connected with the winning of the coal itself, 
or efficiency in mining; those referring to safety underground; and those 
relating to the use of mechanical apphances. 

• Efficiency in Mining . — Is it not a sad commentary on our modern 
economic business and engineering knowledge that little or no advance 
has been made in the methods of working coal in the past 50 years? 

VOL. Lxm. — iS. 



754 


RESEABCH IN THE COAL-MININa INDUSTRY 


It is true that districts have often adopted methods new to them, but 
those methods have had their counterparts in some of the older mines 
of this country or in Europe. In a few of our coal mines, we extract 90 
per cent, of the coal; in others, less than 40 per cent. In some, the 
claimed extraction of 60 or 70 per cent, shrinks under actual measurement 
of the total coal in a given area to perhaps less than 50 per cent. It is a 
question for plain discussion whether or not the country as a whole 
can afford to allow systems of mining to continue that lose beyond re- 
covery this large percentage of the coal left in the seam after mining. 
There is scarcely a coal seam mined in the United States from which it 
would not be possible, by a change in systems of mining, to extract 
at least 90 per cent, of the coal. The operators are not to blame for not 
adopting new systems that would, in most cases, increase the cost per 
ton of coal, neither are the miners to blame for preferring to work under 
systems to which they are accustomed. It is primarily a question of 
research and experiment on a large scale. The problems, in many cases, 
are so serious and involve so much experimental work and expense 
that any coal-mining company might not be justified in doing this 
with its own funds. There should be started at public expense a demon- 
stration mine in every important district to try out better methods and 
systems of mining and to solve local difficulties. This would be re- 
search of the highest order. It wiU be many years before all coal is 
mined by the ultim^ite method of total extraction. As a preliminary, 
there should be a logical development into greater use of true panel 
systems, which would permit of a considerably larger extraction of the 
coal than at present, together with greater safety. There are also many 
problems in the present systems. For example, what should be the width, 
extent, and nximber of the entries; what is the proper relation of room 
to pillar width; how can the most coal be won from a given area with a 
minimum amount of dead and narrow work; how is roof pressure best 
controlled? Many of these problems go back to the fundamental problem 
of the depth, pressure, and action of the strata over the coal, or as it is 
generally called, the question of subsidence. How much and in what 
way do the various overlying strata subside; what is the influence on 
the subsidence of different methods and rates of mining; what is the 
effect on the surface; how can subsidence be controlled; what influence 
does the angle of the dip of the seam and strata have on subsidence; 
what is the action when mining coal from more than one seam at a 
place; and how should mining proceed in relation to pillars in order to 
preserve the greatest amount of coal? 

In mining, how is roof slacking best controlled? Experiments should 
be made in the use of asphalt, gunite, and other air-resisting coatings. 
The question of the size of pillars that should be left around shafts 
and between panels and entries involves not only the weight anc[ pressure 
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of the strata, but also the crushing strength of materials, tests on which 
should be made, not in machines but under conditions actually found in 
practice. 

There is room for tremendous advance in the present methods of 
ventilation. Data are needed showing the advantage of tight stoppings, 
smooth walls, and passages of large cross-sectional area. A corollary 
to this is the need of cheap fireproof curtains and brattice cloths. 
Furthermore, no satisfactory system for humidification of the mine 
air has been worked out and yet this would be of tremendous value 
in keeping down the evils of dry coal dust and in reducing the cost of 
sprinkling and other dust-abatement devices. 

One of the great costs in mining is timbering. It is certain that in 
many cases today it is an actual dollars and cents saving to use some form 
of timber preservative now on the market, yet little general advance 
has been made in this work. Detailed research will also show that less 
timber can be used in mining without increased danger to life. 

Safety in Mining , — Another great problem in coal mining is safety 
of human life. Along certain lines of safety in coal mining, much advance 
has been made.. The present statistics show that nearly one-half of 
the accidents in coal mines are due to fall of roof and coal; this means 
there is a great and universal problem to bfe solved. It involves a dif- 
ficult field for study: first of all statistical investigations, then experi- 
mental, and finally working out and putting into effect practical methods 
and plans of eliminating this hazard. 

Through research into the nature and cause of gas and dust explosion, 
considerable progress has been made in the past few years in decreasing 
accidents from this cause. Much remains to be done in perfecting ap- 
paratus for the better prevention and control of mine explosions and in 
gaining more knowledge of the actual conditions that control the dif- 
fusion of gases in a mine. There should be special studies made of the 
effect of good and bad ventilation on the health and ejficiency of the 
worker; there is uncertainty as to what is good or bad air in mines. It 
has been reported that coal mining is a healthy occupation as regards 
death from tuberculosis and kindred diseases which are prone to affect 
some metal-mine workers, but that the coal miner is prone to other 
diseases. Reliable data on these points will be necessary not only to 
inform the public as to the actual conditions that surround the coal-mine 
worker and to prepare a way for possible betterment of health and 
sanitation but they will be of tremendous value if the problems in the 
coal-mining industry are ever considered from a national viewpoint. 

A frequent source of life and property loss in coal mining is the shot- 
firer's explosion. Although these explosions result in great damage to 
property the loss of life is geperally small, the shot-firers being the only 
men in the mine. There is thus need for a system of shot firing from 
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without the mine that will be so simple and effective as to make certain 
its universal adoption. Even though there are today a number of such 
systems in use, local conditions may render these systems ineffective. 

Much progress has been made in the development of permissible 
explosives. It is still desired that their cost should be cheapened and 
that they should operate with the production of a minimum of fines. 
While the development of such explosives may be a chemical problem, 
its application and practice must be brought out by the mining industry. 

The time has come when the many safety methods, conditions, and 
regulations underground should be standardized so that a man going 
from one district to another might not be under the necessity of learning 
anew and because of the increasing importance of compensation laws and 
insurance. 

Coal mining, in spite of tremendous advances in safety and decrease 
in accident rate must still be classed as a hazardous occupation, and 
research in safety will always hold a direct reward to the man who may 
discover and apply his discovery. Every problem in a mine, whether 
of working or mechanical, has a safety point of view worth detailed 
investigation. 

Mechanical Appliances . — In England, probably 90 per cent, of the coal 
is mined by hand, while in the United States probably less than 10 per 
cent, is so mined. The advance in America in mechanical and electrical 
haulage and hoisting facilities has been equally marked. There is need 
of further knowledge as to the relative safety and efficiency of alternating- 
and direct-current electricity for underground conditions. While it is 
possible that individual manufacturing companies have much data on 
these points, this information has not been easily accessible to the general 
mining public. Coal-cutting and drilling machines have reached a high 
stage of development. This being the case, there is need for research 
in the standardization of the operations connected with their use and the 
publication of the, data. There is stiU to be developed a coal-cutting 
machine that will successfully operate in steeply pitching seams. The 
electric troUey locomotive has largely replaced the mule for main haulage 
and much progress has been made in installing the storage-battery 
locomotive in district and room haulage. With underground electric 
machinery, improvements are demanded that will give greater freedom 
from the dangers of causing explosions from sparking and from other 
causes. Some progress has been made in the use of gasoline motors 
underground. The dangers from exhaust gases and from possible ignition 
of gas from the exhaust are problems to be worked out entirely. 

It seems that the electric safety light is the last word in safe eflBicient 
mine lights, yet the end of the development along this line should not be 
considered as reached. A mine light to bje perfect should possess three 
main features: it should give a maximum amount of light, be without 
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danger of causing an explosion, and have little weight. A study of 
present-day lights will show that there is still room for improvement in 
these directions. 

Without giving the subject of breathing apparatus serious study, one 
is apt to think that it is a specialized apparatus applicable and used only 
in extreme places. What its possible value is to the mining industry 
has been emphasized by the British Commission on Scientific and In- 
dustrial Research, who, out of only 21 committees to consider research 
in aU commercial industries, have one devoted solely to the develop- 
ment and standardization of mine rescue breathing apparatus. 

In knowledge and control of mine fires, there has been progress. In a 
general way the causes of mine fires, the composition of the gases re- 
sulting, and the general dangers that attend their fighting and control 
are known. Much data are yet to be recorded as to the best and most 
practical method of their control and extinguishment under different 
conditions that may arise. Such research must be made both at the 
mine and in the laboratory. 

The most deadly gas in a coal mine is carbon monoxide, the product of 
incomplete combustion. In spite of many individual opinions to the 
contrary, this gas gives absolutely no warning of its presence .by smell, 
sight, feel, or taste. It would be of great benefit could research disclose 
a simple and eflScient mechanical means of testing for this gas similar to 
the method of testing for methane in the miner^s safety lamp. A simple 
gas mask that will absorb and take carbon monoxide out of the air as 
breathed is also yet to be perfected. 

Further mechanical problems awaiting solution underground are 
those connected with pumping, such as resistance of parts against acid 
water and non-sparking pump motors, and those having to do with caging 
or dumping systems at the foot of the shaft by which the coal can be more 
quickly handled without breakage. The time has come when a repre- 
sentative commission should standardize safety gates in .and around 
mines, safety catches on skips and cages, and in fact every kind of 
mechanical appliance in which there are elements of danger. Some 
day research should discover an easy method of testing a hoisting rope 
for weakened and hidden broken strands. 

Some of the deep mines today are designed to hoist up to 8000 tons 
per 8-hr. shift from a single two-compartment shaft. This must be at 
the rate of more than 16 tons per minute. In this general problem of 
large output from a single opening, the mining engineer has progressed 
farther than the mechanical appliances. In other words, he is able to 
develop his mine and to mine and transport to the bottom of the shaft 
this large amount of coal. The neck of the bottle that limits the output 
is the shaft and the hoisting equipment. This field of research is pri- 
marily the province of the mechanical or electrical engineer. 
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A few years ago it was customary to think of head frames and tipples 
as being well standardized and yet recent investigation has shown 
it possible to design more efficient head frames at a less cost. A compari- 
son of photographs of head frames made 20 years ago with ones erected 
in the past few years will show what progress has been made. 

Preparation op Coal 

Coal is black and burns ! ‘ Up to a few years ago this seemed to be the 
extent of the information about coal in possession of the general public. 
Coal was sold as it was gotten out of the mine without regard to prepara- 
tion, except for a simple bar screening, which took out the fines because 
they could not be used on the type of grate then in common use in boiler 
plants. Furthermore, the householder objected to fines because of the 
extra dust and dirt they made. 

In all countries it has been the rule that the first mines worked were 
those containing the thick coal of highest purity and it has only been 
after a certain stage in the development that there must be mined 
thinner seams or those seams containing impurities. Naturally these 
impurities, especially if visible to the eye, must be removed from the coal 
before it is placed^ on the market. The public, within the last few years, 
has been educated to the fact that different coals are of different nature, 
that they have different heating values, and that ash and dirt in coals are 
not only a dead loss in burning, but that they greatly increase the freight 
without producing any benefit. The recent increase in the number of let- 
ters the writer has received on the subject of coal preparation and washing 
is proof that, in the future, more attention must be paid to this subject. 
Due to our cleaner seams the coal operators have not had to pay as 
much attention to the removal of impurities as have the coal producers 
in the European countries. However, the combustion engineer is finding 
out the sizes and what form of preparation and ash content best meets 
his needs in. a particular coal and the producer has got to meet these 
needs. Already, at many coal mines, there have been installed extensive 
mechanical appliances to economically handle and size the coal. A 
problem always before the designing engineer is how to do this work 
with a minimum production of fine sizes or degradation of the more 
valuable sizes into the smaller sizes. 

Coal washing has not received in this country the attention it deserves. 
Many seams of coal are of a nature to permit their use for byproduct 
coking and other purposes that bring better prices than the average, 
were it not for the impurities in the coal, particularly sulfur, but often 
dirt and shale and sometimes phosphorus. Many coal-washing plants 
in this country have not been successful. There has been a tendency, 
first, to adapt European plants to American coals and conditions;, 
second, to attempt to install standardized plants without reference to 
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the particular nature of each different coal; and, third, to go ahead with- 
out competent engineering advice. In the state of aggregation of im- 
purities and their removal, each coal presents a different problem, 
which should be studied as an individual research before an attempt is 
made to adapt a washing process to the coal. Moreover, in this country 
there has been the necessity of making the washing process simple and 
cheap due to the small difference in value between the coal as mined and 
the cl^n coal and to the necessity of close competition with the large 
supplies of clean coal that have been available. These conditions have 
changed permanently and in many cases careful study of the washing 
process would reveal it worth while to install processes even of some detail 
in flow sheets and designed to rid the coal of impurities. This is par- 
ticularly true of the removal of sulfur from coking coals and in the removal 
of impurities from small sizes of coal that must stand a long railroad 
haul to market. 

As a washing and hydrometaUurgical problem, the preparation of 
ores, due to their greater value, has received much more scientific at- 
tention than the preparation of coal. With certain limitations as to 
complication of processes, some of the ore-dressing methods and ap- 
pliances that have proved successful in their field may be adapted to the 
preparation of cleaner coal for the market with entire commercial suc- 
cess. ■ This* entire question of coal washing opens up a field for research 
in hydrometallurgy to the mining and mechanical engineer and to the 
metallurgist, whose possibilities can be measured only by considering 
that our output of coal has doubled each 10 years, that its value today 
is greater than any other mineral product, and that the public and special 
users have begun to appreciate the extra value which is in clean coal. 

Utilization of Coal 

The details of investigation of coal as a fuel properly concern the 
mechanical and combustion engineer and the mining engineer is interested 
only so much as it affects the character and amount of his output. It 
is sufiGLcient to call attention to the fact that today there is being utilized 
from 5 to 15 per cent, of the possible energy in coal; the rest is lost. 
A few year-s ago up to 40 per cent, of the coal mined was wasted by re- 
jection in the mine or in the tipple of the smaller sizes. To the men who 
have discovered grates and accessories and other methods of burning 
this small coal and turning it from a waste into a valuable product the 
country owes a great debt. One of the most important discoveries 
made as a result of our war activities has been the possibility of combining 
liquid oil fuel with pulverized coal to the more econonodc utilization of 
each. These are only suggestions which indicate that the field of useful- 
ness for the investigator in coal utilization is without limit. 

A different phase in research on coal utilization has been the investiga- 
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tions on coke and coal-gas manufacture and the utilization of byproducts. 
The present interest and advances already made in low-temperature 
distillation, coking of coals formerly thought non-coking, discovery 
and use of an almost innumerable variety of byproducts from the coking 
industry are worthy of mention. The writer is assured, by the industrial 
chemists and others interested, that the future in the coke byproduct 
industry is even more promising than was the past. 

Research in Coal Economics ^ 

It has been suggested that the coal-mining engineer meets less original 
• and less diflSlcult technical problems as compared with the metal-mining 
engineer. If this is true, it is also true that the coal-mining engineer 
in developing into his proper sphere as a coal-mining operator runs into 
more acute problems in business and economics. Therefore, the coal- 
mining engineer, working as he does under extremely keen competition, 
must have grounding and knowledge in the laws and practices that help 
him save and expend wisely fractions of a cent a ton on certain important 
operations, and to follow and take advantage of proper railroad rates, 
the trend of the markets, and the factors that enter into the selling of 
and the market for his product. Research and greater knowledge in 
these lines is desirable. It is a well-known fact that until the time of the 
war many coal operations in this country were being run without knowl- 
edge of the actual cost of producing the coal or as to whether or not a real 
profit was being realized on the operation. The reports , now required 
from these operators by the Federal Trade Commission have been of 
immense value in standardizing mine accounting and promoting better 
business practices. This is as truly a piece of research leading to impor- 
tant results as though it were a problem whose principles had been dis- 
covered in the chemical laboratory. Again, every problem connected 
with coal mining has its economic aspect and th^ research investigator 
in coal-mining work should bear in mind that any answer to his research 
must come out in dollars and cents. 

Many other mining industries in this country have taken up the 
practice of publication of costs and through this have been able to effect 
standardization of work with accompanying lowering of costs. There 
seem to be various reasons why this has not been done in the coal industry, 
preferably because of close^ competition existing. Attention is called 
to the possibilities of investigation into the various conditions and costs 
of the items of expense in mining and selling coal, and profiting thereby 
from each other^s. successes or failures. 

More and’ more the subject of coal-mine taxation is bringing home to 
the operator, as well as to the taxing body, how little is known or can be 
agreed upon as to what constitutes the proper figures for the taxing value 
of the property, what is operating and what is capital expenditure, how 
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increase of and depletion of reserves should be handled, under what con- 
ditions a mine is developing or under actual commercial production, and 
what part of the work is dead work necessary to the extraction of the 
coal, and what part might be capitalized. It was only the other day that 
the writer heard of a case where an assessor, who was a better accountant 
than an engineer, wished to capitalize a mine fire and consider it as an 
asset. Again, the field for research of an engineer with business experi- 
ence and*accounting knowledge is great. A corollary of this is that there 
is in this country today a great mass of mining laws and regulations whose 
greater unification is to take place. The study of each law in its appli- 
cation under different conditions and in different places offers the largest 
field for investigation. 

Human Relations 

The study of human relations deals with men and primarily with the 
miners and employees of any organization. The writer recently saw 
mining costs which showed that of all of the operating -expenses of a 
certain mine, over 80 per cent, was chargeable directly for wages and 
salaries. Any study of efficiency or technology designed to decrease 
cost or increase production must, therefore, recognize and learn about the 
human factor. 

Recently the Coal Industries Commission of Great Britain made a 
report to Parliament on the industry. The members favored an in- 
creased wage, a shorter working day, and the miners’ claim for a more 
efficient organization of their industry. It is significant that in arriving 
at their conclusions, they made note of an absence of data on which to 
base adequate recommendations regarding just hours of labor, decrease 
of output to be expected under changed conditions, and changes in output 
through the expected use of more mechanical appliances. These ques- 
tions are susceptible of analysis through data gathered and compiled 
from the industry as a whole. 

Labor turnover, housing conditions, recreation facilities, standardiza- 
tion of work, the employee’s interest in the business, rights in arbitration 
measures, and discipline in the mine are some of the questions that are, 
or will be, of national importance. The truth about them will be known 
only through much research. 

Acknowledgment is made to Dr. David White, United States 
Geological Survey, and to Dr. J. J. Rutledge and Mr. J. W. Paul, 
United States Bureau of Mines, for data used in this paper. 

DISCUSSION 

J. J. Rutledge,* McAlester, Okla. (written discussionf). — ^Research 
work has often a more immediate and practical application to the in- 
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dustries than even the investigators themselves realize, but coal mining 
has not attracted the investigator, except in so far as the mine-accident 
prevention work and fuel investigations are concerned. In future, 
the coal geologist will study the subsurface geology of the various coal 
seams as the petroleum geologist now studies the oil sands, and from the 
results of these studies the coal operator will be able to locate his shafts 
to the best possible advantage and to avoid faults that would interfere 
with underground work. There would have been many thousands of 
dollars saved, and perhaps some reputations, if a good stratigrapher 
had been called into consultation in the southern part of Somerset 
County, Pa., where a local seam of coal, quite thick, was mistaken 
for the Pittsburgh seam, which, if ever present at that point, had long 
since been eroded. 

Why will the Quemanhoming coal carry more sulfur without injuring 
the grate bars than George’s Creek Big Vein? Only the investigator 
can answer and yet the fact that the above is true means a greater 
price for the thinner coal. 

The owner of the land in Oklahoma receives one-fourth of the cotton 
crop produced by the tenant who farms his land and one-third of the 
corn crop. In the spring, when cotton is just beginning to grow, fre- 
quently the owner will see that the land is kept free from grass if the 
tenant does not in order that he may not lose his rent; yet owners of 
coal lands in the same state permit the lessees of their land to wastefully 
mine only from 40 to 50 per cent, of the coal in the seam and to pay a 
royalty only on the amount mined while the remainder of the coal is 
left unmined in the ground and is irretrievably lost. Even the farmer 
is more business-like than the coal-land owner and mine operator. More- 
over, by the adoption of an improved system of mining the coal recovery 
can be increased from 40 to 50 per cent, to 70 and 80 per cent, and the cost 
of production reduced 15 to 50 c. per ton. 

The coal-mining industry is as much entitled to have demonstration 
mines, supported at Government expense, as the farming industry is 
to have the demonstration farms and plats. In this work the Govern- 
ment should be the pioneer, as private capital cannot lead the way on 
account of financial and labor difficulties. At least two machine long- 
wall mines in the Southwest are recovering all the coal with a pro- 
duction of 90 per cent. lump. If roof-slaking could be prevented 
during the hot summer months, the saving would be from 15 c. to $1 
per ton of coal produced. Will it not pay to investigate and learn what 
will stop the slaking? 

Even those who were, and are still to some extent, prejudiced against 
the use of permissible explosives and machine mining testify to the re- 
duction in accidents and destruction of property since black powder 
has been abolished. Research gave the permissible explosive and it was 
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a profitable investment. • The closed light, had it been in use, would 
have saved many lives and much loss of output and wages and destruction 
of property. The oil and gas operators gladly use the closed lights 
developed by research work. 

The economics of coal mining should be investigated: Why was the 
zone system the best regulation that the coal-mining industry ever had? 
Why should a portion of the best longwall coal field in America, in 
northern Illinois, almost within sight of the great Chicago market, 
be practically abandoned and the southern Illinois coal mines, 200 
mi. farther south, ship their coal directly past the old longwall district 
into the Chicago market? How is it that southern Illinois operators can 
ship coal to Texas and drive therefrom the Oklahoma operators whose 
mines are only a few hundred miles distant? Research will tell. 

Psychology will tell why some operators have no trouble with their 
miners and others are always bothered by strikes. 

But the greatest field for research is in methods of working coal. 
Thousands of dollars are spent in sinking shafts and equipping mines 
with the latest and most eflBlcient machinery, but when the coal seam is 
reached, some foreman or subordinate employee decrees what methods 
of working shall be employed, prejudice and inexperience holding full 
sway. When demonstration mines are provided and research work is 
carried on, the angle of break will be as important to the mining 
engineer as the ^‘angle of repose^^ is to the civil engineer and the laws 
governing subsidence will be known to some extent, and coal mining will 
take rank as a profession. 

J. W. Paul, Pittsburgh, Pa. — ^The feature of this problem that appears 
to me to command the greatest attention at the present time is the need 
of greater eflBlciency in getting coal out of the ground, that is, in getting 
a larger percentage of recovery. That problem is now being presented 
to the country very prominently by the miners' organization, which 
claims that the private operator is wasting the fuel of the country. It 
is due largely to the neglect of the operator and the employee to cooperate 
in efforts of greater efficiency in the extraction of the larger percentage 
of coal. 

In many sections there is a great waste of fuel, because the methods 
used are not applicable to the conditions and only 40, -50, and 60 per 
cent, of the available coal is being brought to the surface; the remainder 
is left in such a condition that it will never be recovered. In the more 
recently developed fields, where the operating concern is properly financed 
and trained engineers design the layout of the mine, the percentage of 
recovery is high, in some cases running to 95 per cent, and in a few instances 
to 98 per cent. It is possible to obtain a greater recovery of coal in other 
parts of the country if the operator and the miner. will cooperate and use 
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the information available through the technically and practically edu- 
cated mining engineer. The conditions are largely due to the fact that 
the coal operators have not fully appreciated the value of the trained min- 
ing engineer and the time is now at hand when I believe they are awaken- 
ing to the fact that they have long neglected this important service. 

E. N. Zern,* Pittsburgh, Pa. — Historical references, in a paper of 
this kind, are always interesting. Just about 100 years ago, in England, 
a controversy was raging largely between the followers of three men, 
each of whom had made a valuable contribution to the method of mine 
lighting. Without going into details, I believe we can safely conclude 
that Davy should be given credit for applying the principle of the wire 
gauze to safety lamps, Clanny credited with the introduction of the 
globe, and Stephenson credited for the addition of the hood or bonnet. 

The author refers to the ‘'mischievous practice of screening coal,” in- 
troduced in Europe about the year 1740. In this country, cleaning and 
sizing was first done in the anthracite regions of Pennsylvania, owing 
to the large amount of rock, and dirt mined with the coal. The practice 
was next adopted in lUinois, in order to compete with^coals shipped into 
the central states from West Virginia. 

The matter of standardization is of exceeding importance to the 
industry. The lack of it has been costly to the operator everywhere. 
There are at least 24 different track gages in American mines; in many 
cases several different gages are found in mines operated by one company. 
This, in turn, requires different gages for locomotives, coal-cutting ma- 
chines, and mine wagons, and necessitates the tying up of capital in a 
multiplicity of spare parts. There seems to be no valid reason why more 
than four to six track gages are needed to take care of all mining conditions 
encountered. The same lack of standardization is found in the various 
types of mine wagons in use. The head of one important manufacturing 
concern states that its shop files contain 2000 drawings of mine cars of 
different patterns varying in size and dimensions. He also stated that 
the company has never built identically the same car for any two com- 
panies. There appears to be no good reason why in a region such as 
the Fairmont of West Virginia there should not be from three to six 
standard designs of mine cars instead of fifty or sixty as now found. 

F. W. Speer, Houghton, Mich. — It has been stated that much higher 
extractions are attained now than formerly — even as high as 95 per cent. 
It is also said that no progress has been made in methods of working coal 
in the last 50 years, but some of us can recall that, in the decade from 1883 
to 1893, enormous progress was made in the methods of extracting coal. 
The extraction was raised from about 30 per cent, to 35 and 40 per cent., 
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to 85, 90, 95 or 96 per cent, by 1893, when the big panic came on and coal 
proprietors went begging for operators to come and mine in any way they 
pleased if they would only take a lease. I am glad to know that some- 
thing of the old-time eflSciency is being attained again and, as was well 
stated, it is all a matter of laying out the proposition in the right way before 
operations begin. It should be merely an engineering problem to deter- 
mine the physical conditions, and then lay out the field with the premedi- 
tated design of getting all the coal out of the ground. 

In the first place, let me say by way of caution, be sure when buying 
the coal rights to buy the surface. For extensive underground mining 
operations, no matter what the mineral is, you should have the surface 
rights so that you can do what you please underground regardless of 
what happens to surface. The only way to do clean mining on an exten- 
sive scale is to let the surface fall in. In coal mining, of course, you may 
refill, but that is an expensive proposition, and even then there will be 
some subsidence. But I doubt whether it is possible to go into any of 
the old mines where from 40 to 50 or 60 per cent, of the mineral is left 
standing in pillars and get out very much of this coal without too much 
danger to life, without first refilling. But a high percentage of extrac- 
tion can be accomplished if the proposition is laid out in the right way in 
the beginning. 

I am met with the argument that the miners make it impossible. 
That I do not understand. It is beyond me to fathom why they should 
want more money for mining pillar coal than for mining face coal when 
.they can mine it just as easily and just as safely. 

H. I. Smith, Sullivan, Ind, — One of tl^e main troubles at the present 
time is the class of men that we have working in our mines. Formerly, 
the miners were from Wales, England, or Scotland, where they had been 
used to regular mining — pick mining. Nowadays, we have men from 
Southeastern Europe, Italy, and Austria, who never saw a coal mine 
before they came to this country. They are accustomed to shoveling the 
coal from the floor and putting it into the cars behind their machines. 
Also, the unions have put various regulations into effect. Those with 
regard to room lights, track location in the room, and the number of 
working places to a man, are of importance in the matter of pulhng pil- 
lars. They specify that the rooms must be, in some cases, 30 ft. wide 
and in other cases wider. They specify that the track must be laid in the 
center of the room, which makes pulling pillars a very expensive proposi- 
tion as it is necessary to relay the track and the gob piles must be moved 
if a lot of refuse is thrown back. 

The Chairman (Carl Scholz, Chicago, 111.) — I would like to say, 
for the benefit of the engineers present, that Illinois University has 
made a most exhaustive study of coal extraction and those members who 
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have not received a copy of that bulletin can obtain it by writing to the 
Illinois University at Urbana. I would suggest that you add it to your 
library as one of the most convenient reference books you can find. 

F. W. Speer. — When those miners to which I referred obtained an 
extraction of 89 to 95 or 96 per cent., all that the miners were required 
to do was to shoot down the coal and shovel it into the cars. It was all 
machine mining. The miners were from Southern Europe and were 
called “hunks,” as at the present time. Do I understand that the speci- 
fication as to how the mine should be worked is made by the miners? 

H. I. Smith. — Yes, to a certain extent. 

F. W. Speer. — There is a chance for a coming together. I would 
say that the engineer should make the specifications, which should be the 
safest in the world, safer than any miners could possibly specify. Is the 
matter as to whether the tracks are in the center of the room or along the 
ribbed side, a question of safety or of the distance the men must shovel? 
If laying the track up on one side is not sufficient, lay it on both sides. 
Pull out one track when the piUar js being pulled back. It is not the 
large pillar you want, but a pillar just large enough for you to drive 
your room up quickly and pull it back quickly. We used to drive 30-ft. 
rooms and 15-ft. pillars. That was the standard. 

J. M. Clark. — In West Virginia we find that the best extraction is 
obtained by driving comparatively narrow rooms and leaving heavy 
pillars. Very often when the pillars are too narrow they will crush and 
the screening will come out; coal is lost by not having large pillars. 

F. W. Speer. — That aU depends on the nature of the coal. The 
width of the rooms and the width of the pillars were always gaged by the 
nature of. the ground. 

I Chairman Scholz. — When the rooms are driven up, we have pillars 
60 ft. square to support the panel. We hope by that large pillar to be 
able to obtain a larger extraction than we could get on 20-ft. pillars. 

T. T. Bead, Washington, D. C. — Coal mining is often done under 
very poor living conditions, not only for the men but for the managers 
as well. Competitive conditions have served to prevent sufficient money 
being spent to make coal-mining towns agreeable places in which to live. 
But it is becoming increasingly necessary to improve these towns because 
the type of labor that is content to live and work imder poor conditions 
is not likely to be available in large supply in the future. There is really 
no reason why the coal industry should not be able to provide such things. 
The consumer should pay enough for the coal so that the man who pro- 
duces it can have good conditions under which to live and work. 
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Another part of this personnel problem that is interesting and impor- 
tant at the present day is its mental aspect. Companies have been 
providing better homes, facilities for recreation, good milk for children, 
good schools and things of that sort, but have not given sufficient study 
to the mental attitude of the worker; making the doing of a good job 
a matter in which he finds pleasure and happiness. That is going to be 
one research field in coal mining. It is the one on which we know the 
least and on which a great deal of work must be done in order to bring 
about the proper understanding and control of the problem. 
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Some Factors that Affect the Washabilily of a Coal* 

BY THOMAS FRASEB,t AND H. F. YANCEY, J HRBANA, ILL. 

(Chicago Meeting September, 1919) 

Because of the present interest in the subject of sulfur in coal and its 
removal, such information as is available in the coal-washing literature 
on the various factors that determine the adaptability of a coal for wash- 



¥iq. 1. — Coal-washing tables op one-poxjrth commercial size. 


^ng have been collected and are presented here together with some 
observations based on results of experimental work carried out in the 
coal- washing laboratory of the mining department of the University of 
Illinois, and investigative work at Illinois washeries in connection with 
the work on reduction of the sulfur content, of coal, being carried on at 
the Urbana Station of the U. S, Bureau of Mines. This investigative 
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work consisted of the examination and sampling of commercial washeries, 
the chemical and physical examination of raw and washed coals, and 
coal- washing tests with jigs and washing tables of one-fonrth commercial 
size. The tables used are shown in Fig. 1. The writers have not had a 
wide experience in commercial coal washing. 

The process of washing a coal consists in the mechanical removal of 
impure pieces heavier than the pieces of clean coal, and higher in ash and 
sulfur, content. The characteristics of a coal, therefore, that determine 
the possibility of improving it by washing, are the characteristics of these 
impurities, that is, their physical and chemical form and their specific 
gravity and behavior in water. 

Physical Form of Impurities 

The two removable impurities commonly present in coal which are 
of chief interest in connection with coal washing are shale or slate, and 
pyrite. Calcite and gypsum are ordinarily present only in insignificant 
amounts, although in some cases their removal may result in an appreci- 
able improvement. 

The reduction in ash content of a coal by the removal of shale or slate 
is commonly less difiicult than the removal of sulfur. In order’ of their 
removability, the various forms in which the ash in a coal occurs may 
be classed as follows: 

1. Clean solid pieces of shale or slate in. of more thick with a 
natural plane of breakage between shale and coal. This class of impurity 
includes the definite shale or slate bands occurring in the coal bed, and 
extraneous matter from the roof and floor introduced during mining. 

2. Bands of clean shale ''frozen’^ to the adjacent coal, and thin bands 
of shale and coal interbedded. 

3. Clay, shale dust, and friable shales that disintegrate in water. 

4. Very fine ash parcicles distributed through the coal, forming 
carbonaceous shale, bone, and high ash coal. If ash occurs in this form 
to an excessive degree, it makes impossible the production of a low ash 
coal by washing. Two coals of this nature have been examined. In one 
case, a washed coal of good appearance free from visible extraneous 
impurities analyzed 21 per cent, ash, and in another case coal lighter than 
1.4 specific gravity analyzed 13 per cent. ash. 

Although it is possible to remove some of the ash occurring in any of 
these forms; a coal to be classed as easily and economically washable 
should contain most of its excess undesirable ash in the form of separable 
clean particles of shale or slate of high specific gravity. A very pains- 
taking visual examination will reveal a great deal as to the removability 
of the ash impurities in a coal. This is true in a lesser degree of the 
sulfur impurities. 

voi.. IaXHi, — 49. 
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■ The easily removable form of suKur is the lens, ball, or band of clean 
pyrifce of in. (3 mm.) or more in thickness. The solid fine-grained 
band breaks with little sliming and, due to its high specific gravity, it is 
almost completely removable. A somewhat different form, not un- 
common in Illinois, is of a porous cellular structure and usually of a bright 
yellow color. It is much lighter than the solid pyrite and breaks down 
easily into thin plates and slime, diflficulfc to remove. Specific-gravity 
determinations on pieces of these two kinds of pyrifce from a Franklin 
County, 111., coal showed 4.0 for the solid pieces and 2.9 for the porous 
pieces. 

The most troublesome visible forms of sulfur for the washery man 
are the thin bands, plates, and veinlets of pyrite distributed through 
some coals; this form is very^ common in the southern Illinois field. 
Knife-edge plates sometimes fill aU the joint fissures in large lumps of 
coal, the individual plates being in many cases so thin as to resemble 
spots of gold paint. When the coal is crushed for washing, a large part 
of this' sulfur adheres to the coal and a considerable part of that which 
breaks free is slimed or broken into very thin plates, which have a 
tendency to float when the coal is washed. The thin bands of pyrite 
sometimes occur interbedded with thin bands of coal, forming pieces 
part coal and part pyrite that may be removed in their entirety by jigging 
at a comparatively large size, whereas if the coal were crushed fine in 
an effort to free the pyrite washing would not be successful. A small 
percentage of this kind of pyrite gives the appearance of a much 
larger quantity. 

In all the coals used in the investigations, tests have indicated, also, 
the presence Of pyritic sulfur in a very finely divided state. Samples of 
coal, finer than K in., carefully hand picked to reject all pieces showing 
a trace of impurity, contained pyritic sulfur. Analyses of three such 
samples of a Williamson County, 111., coal are given in Table 1. It is 
believed that these samples were crushed to such size as to expose all the 
natmal cleavage faces on which the visible forms of pyrite are commonly 
found. 


Table 1. — Handr^icked Samples of a Williamson County, 111., Coal 


Sample No. 

Ash, Per Cent. 

i 1 

! Pyritic Sulfur, 

1 Per Cent. 

Organic Sulfur, 

Per Cent. 

1 

3.58 

1.27 

0.79 

2 

4.82 

1.06 

0.79 

3« 

4.27 

1 0.84 

1 

0.79 


“ Hoat on solution of 1.3 sp. gr. 


; The physical form of impurities present not only^affects the amena- 
bility of a coal to impcovement by washing, but determines also the 
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size to which a coal must be crushed. Now that tables are being com- 
monly used for washing coal, it might be expected that since the coal 
can be crushed finer for washing, a cleaner coal might be produced by 
that method. Actual tests with tables have indicated, however, that 
this is problematical. It is not safe to assume that any coal which can 
be successfully washed on coarse coal jigs can be cleaned more completely 
by washing at a finer size on tables. The effect of finer crushing upon the 
completeness with which impurities may be separated from coal de- 
pends upon two opposing tendencies. First, the more finely a raw coal is 
crushed, the more completely will the particles of impurities be detached 
from the particles of clean coal. Second, the finer a coal is crushed the 
more difficult ifc becomes to separate the pieces of clean refuse from the 
pieces of clean coal. The proper size for washing the raw coal, therefore, 
depends on the proper balance of these iwo tendencies. Thomas J. 
Drakely,^ of Wigan, England, in a paper on coal washing expresses the 
opinion that in British practice, as a general rule, the size at which the 
most complete separation is secured is 134 (3.1 cm.). The common 

American practice would indicate that here the size is considerably 
smaller. It is diflicult to say what is the minimum size of coal that can 
be improved by washing. The finest coal that has been successfully 
treated in washing tests at Urbana was an overflow sludge from a washery 
settling tank. The size is indicated in Table 2 showing the results of the 
screening tests. By treating this coal on a washing table, the ash con- 
tent was reduced from 12.8 per cent, to 8.1 per cent, and the sulfur from 
1.7 to 1.5 per cent, with a recovery of 93.5 per cent, of the feed as clean 
coal. 

Table 2 

Size 

On 3^ inch 

On 20 mesh 

On 80 mesh 

Through 80 mesh 

Chemical Forms of StrLnjR in Coal 

It is well known that sulfur occurs in coal in three forms; namely, as 
iron pyrite, as organic sulfur in combination with the coal substance, 
and as calcium sulfate. Until quite recently very little attention has 
been given to the chemical forms of sulfur in coal. At present the tech- 
nical men of the iron and sted, coke, and gas-making industries are giv- 
ing more attention to this subject. In the past it has been customary to 
consider “combined sulfur” as well as total sulfur, in determining the 


CxTMUIiATIV’B 

Pbbcbntagb, 

3.7 

17.8 

65.6 

34.6 


^ Coal Washing: A Scientific Study. Trans. Inst. Min. Engrs. (1917-18) 54, 419. 
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improvement in a coal to be expected due to washing, but no very accu- 
rate methods have been available for the determination of '^combined 
sulfur.’’ The amount of combined, or organic, sulfur present in coal is 
frequently underestimated; it has often been considered as constituting 
a negligible percentage of the total amount of sulfur present. Powell 
and Parr^ have recently published improved methods for determining 
the chemical forms of sulfur in coal. Their methods have been used in 
the present work. Table 3 shows the relative amounts of the different 
forms of sulfur present in five samples of coal from four states. 


Table 3. — Forms of Sulfur in Raw CoaL Values Given in Percentage-- 

moisture-free Basis 


Coal From 

•Total 

Pyritic 

Sulfate 

Organic 

Tennessee, White Co 

! 

4.87 ’ 

3.59 

0.11 

1.17 

Per cent, of total sulfur 

1 

74.0 

2.0 

24.0 

Kentucky, Pike Co 

0.46 

0.13 


0.33 

Per cent, of total sulfur 

28.0 


72.0 

Illinois, Williamson Co 

1.83 

1.04 

trace 

0.79 

Per cent, of total sulfur 

57.0 

43,0 

Illinois, Franklin Co 

3.51 

1.84 


1.67 

Per cent, of total sulfur 

52.0 


48.0 

Indiana, Green Co 



■ 1.66 

0.89 


0.77 

Per cent, of total sulfur 

54.0 


46.0 





The samples given are not necessarily representative of the county 
or of the local field from which they were obtained. The results are 
tabulated for the purpose of calling attention to the amounts of the differ- 
ent forms of sulfur present, and especially to point out the high values for 
organic sulfur. The coals so far examined were all very low in sulfate 
sulfur. It appears that this is true for most of the coals in the United 
States, with the exception of some occurring in the extreme West. Coal 
that has been in storage and has weathered increased in sulfate sulfur, 
due to the oxidation of pyrite to iron sulfate. 

In connection with the work on the forms of sulfur in coal, determina- 
tions were made on the original raw coal samples and on some of the 
washed products. The reason for determining the different forms of 
sulfur was to note the effect of washing on the forms and the distribution 
of sulfur in the products. Analyses are given of two lots of coal. Table 
4 shows the results for a White County, Tenn., coal and for samples repre- 


* Forms in Which Sulfur Occurs in Coal. Univ. of Illinois, Png. Ex. Sta. BulL 
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senting a day^s run at a 1200-ton commercial washery in Williamson 
County, 111. The five washed coals given are the various sizes produced 
at this washery. Sample A represents a small sample of the cleanest 
washed coal taken near the head end of the table during a test run in the 
laboratory. 


Table 4. — Forms of Sulfur in Raw and Washed Coal Products, Values 
in Percentage-moisture-free Basis 


Product 

Total Sulfur 

Pyritic Sulfur 

Sulfate Sulfur 

Organic Sulfur 

White County, Tenn. : 

Raw coal 

4.87 

• 

3.59 

0.11 

1.17 

Table washed coal 

3.02 

1.84 

Less than 

1.18 

Jig washed coal 

3.80 

2.61 

0.01 

1.19 

Sample A 

2.07 

1.51 

— 

1.16 

Williamson County, 111. : 





Raw coal 

1.83 

1.04 

Trace 

0.79 

No. 1 washed coal 

1.81 

1.05 


0.76 

No. -2 washed coal 

. 1.56 

0.78 

... * 

0.78 

No. 3 washed coal 

1.57 

0.82 


0.75 

No. 4 washed coal*. 

1.57 

0.81 


•0.76 

No. 5 washed coal 

2.33 

1.57 

. 

0.76 


These results indicate that only pyritic and sulfate sulfur are removed 
by washing. Iron sulfate resulting from the oxidation of pyrite is soluble 
in the wash water. Gypsum occurring in thin plates is difficult to sepa- 
rate with the refuse. From these considerations it is believed that the 
sulfate sulfur of the White County, Tenn., raw coal resulted from the 
oxidation of pyrite, rather than from the presence of calcium sulfate, 
since it is almost entirely absent in the clean washed coal. The organic 
sulfur content of the various products obtained by washing the same coal 
remains fairly constant as was expected. It appears that by washing a 
coal high in clean shale a concentration of organic sulfur in the washed 
coal, and a corresponding reduction of organic sulfur in the refuse would 
occur. 

Attention is directed to the constancy of the values for organic sulfur 
in Table 4 for the same coal. The lot of White County, Tenn., coal 
weighed 700 lb. and the samples of Williamson County, 111., coal repre- 
sented altogether about 1200 tons, yet the organic sulfur content of all 
the products for the same coal is practically the same. This tends to 
show that organic sulfur is uniformly distributed in the coal- substance, 
and that it is in chemical combination with the coal. Certainly the 
organic sulfur content of coal from the same mine is much more uniform 
than the pyritic and total sulfur values. 
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Specific Geavity 

A specific gravity analysis showing the percentages of material of 
different densities in a raw coal crushed to the size at which it is to be 
washed is of considerable value for determining, in a preliminary way, 
what one may expect to accomplish by washing. Analyses of this kind 
are described by Pascal/ commenting on the methods of testing used 
by Messrs. Beers of Li4ge, Belgium; and by David Hancock,^ who used 
analyses, of this nature to determine the efficiency of jigs. 

The graphs here presented show the analysis of a washable coal before 
and after washing, and of this washable coal compared with a raw coal 



Era. 2. — Comparativb pbkcentages op matbbial op dippbkbnt densities in a 

COAL BEP.OBB AND APTEK WASHINa AT IN. SIZE. 

which is difficult to wash. The jfirst graph. Fig. 2, shows very clearly 
what class of material is removed by washing. While particles heavier 
than 1.60 in specific gravity were practically aU removed, particles be- 
tween 1.30 and 1.60 in specific gravity are not appreciably affected by 
washing. The analyses given in Table 5 shows that this material is 
higher in ash and sulfur than is desirable in the clean coal, but lower than 
is desirable in the refuse. This represents the class of impurities de- 
scribed under "Physical Form of Impurities” as difficult to remove, and 
is the product that appears at the washery as "true middling.” If the 
specific gravity analysis of a raw coal shows a large percentage of this 
material, it is very difficult to wash successfully. This condition is 
illustrated in the second graph Fig. 3, comparing the raw coal of Fig. 2 
with a coal much more difficult to wash. The total percentage between 


» CoUiery Gmard. (Aug. 10, 1917) 94, 252. 

‘ Coal Washing in Alahaina. Ala; Geol. Sur. BvU. 
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1.3 and 1.6 specific gravity on the non-washable coal is 40 as compared 
with only 17 for the washable coal. 

Table 5 . — Analyses of Coal Represented in Fig. 2 


Raw Coal Washed Coal 


Specific Gravity 

Per Cent, 
of Total 
Sample 

Ash, 

Per Cent. 

Sulfur, 

Per Cent. 

Per Cent, 
of Total 
Sample 

1 Ash, 

Per Cent. 

Sulfur, 
Per Cent. 

-1.30 

73.35 

4.64 

1.72 

85.50 

4.77 

1.63 

1.30 to 1.35 

8.74 

11.27 

2.14 

8*30 

11.8 

2.06 

1.35 to 1.40 

4.93 

17.78 

2.39 

3.70 

17.9 

2.13 

1.40 to 1.45 

i 1.82 1 

1 20.32 

2.52 

0.88 1 

1 18.5 

2.36 

1.45 to 1.50 

: 0.39 

24.60 

2.62 

0.27 

23.6 • 

2.55 

1.50 to 1.60 

1.12 

29.90 

2.80 

0.54 

28.3 

! 2.84 

1.60 to 1.80 

2.13 

49.53 

3.43 

0.34 

48.8 

i 3.76 

1.80- 

7.52 

1 

84.04 

13.63 

0.57 

80.3 

7,07 


Table 6. — Analyses of Coals Represented in Fig. 3 



Washable Coal 

Non-washable Coal 

Specific Gravity 

Per Cent, 
of Total 
Sample 

Ash, ' 

Per Cent, 

Sulfur, 

Per Cent. 

Per Cent, 
of Total 
Sample 

Ash, 

Per Cent. 

Sulfur, 
Per Cent. 

-1.30 

73.35 

4.64 

1.72 

55.9 

10.1 

2.91 

1.30 to 1.35 

8,74 

11.27 

2.14 

20.5 

13.3 

3.35 

1.35 to 1.40 

4.93 

17.78 

" 2.39 

11.8 

15.4 

3.45 

1.40 to 1.45 

1.82 

20.32 

2.52 

3.8 

19.1 

4.39 

1.45 to 1.50 

0.39 

24.60 

2.62 

1.8 

22.5 

6.18 

1.50 to 1.60 

1.12 

29.90 

2.80 

2.1 

27.6 

9.29 

1.60 to 1.80 

2.13 

49.53 

3.43 

1.1 

42.7 

13.30 

1.80- 

7.52 

84.04 

13.63 

3.0 

60.5 

34.12 


The ideal coal for washing would be represented by a graph showing 
all the material concentrated in-the parts heavier than 1.60 and lighter 
than 1.30. Results of a washing test on the coal represented in Fig. 2 
are given in Table 7. Table 8 gives the results of a test on the non- 
washable coal of Pig. 3. The specific gravity determinations on these 
samples were made by separating the sample at 1.30 specific gravity 
with the Delameter sink and float machine and treating the sink in a 
succession of heavier solutions in beakers. The effect of the conditions 
described on the results attainable by washing is shown by washing tests 
on some typical coals. 

A Williamson County, III., Coal 

This coal is represented in Fig. 2 and .Table 5, and is the washable 
coal of Fig. 3. The visible impurities consisted of pyrite bands and lenses 
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as much, as 1 in. in thickness; thin shale bands that hold together well 
in water; some fireclay; thin plates of pyrite in joint fissures; and an 
imusually large percentage of calcite and gypsum in the form of thin 
sheets. This coal was washed at 0 to iQ- size on a table. The results 
are given in Table 7. 


Table 7. — Washing Test on a Coal from Williamson County, III. 



Peed, 

1 Per 
Cent. 

Ash, 

Per 

Cent. 

Reduction 
in Ash, 
Per Cent. 

j Sulfur 

Pyritic, 

Per 

Cent. 

Reduction 
in Pyritic, 
Per Cent. 

Organic, 

Per 

Cent. 

Total, 

Sulfur, 

Per 

Cent. 

Reduction 
in Total 
Sulfur, 
Per Cent. 

Raw coal 

100 

14.2 


1.94 


0.76 

2.70 


Washed coal 

85 

7.2 

49 

1.09 

44 

0.76 

1.85 

32 

Middlings 

6.6 

19.8 


1.80 


0.76 

2.56 


Washed coal and 









middling com- 









bined 

91.6 

8.1 

43 

1.14 

41 

0.76 

1.90 

30 

Refuse 

7.3 

72.12 





10.75 


Loss 

1.1 
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Rg. 3.- — COMPABATTVE PEROENTAGBS OP MATERIAL OF DIFFERENT DBNSITIBS IN 
A WASHABLE COAL JlNB A NON-WASHABLE COAL, BOTH CRUSHED TO % IN. MAXIMUM 
SIZE. 

A Coal feom White Gotjnty, Tenn. 

This is the coal represented in the graph of Fig. 3 as non- washable. 
A visual examination showed it to contain very little clean shale or slate 
coarse enough to be libwated by crushing to the size at which coal is 
ordinarily jigged. Visible pyrite was present both as thin plates and 
as coarser bands or lenses. The difficulties in washing this coal were, as 
indicated by the graph, due to an exceptionally high percentage of mate- 
rial of intermediate density, wdicating, that the impinrities are so fine 
that even when crushed to not liberated!, emd the 

exceptionally high ash and suhEiir €bat®Ert' of the lightest eoal. The aah 
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content of the part of this coal that was lighter than 1.30 in specific 
gravity was 10.10 while the corresponding increnaent of the washable 
Illinois coal analyzed 4.64 per cent. ash. 

The Tennessee coal was crushed to % in. maxinium size and treated 
on a washing table. Although a good reduction in sulfur in the clean 
coal was secured, it was made possible only by taking a very large mid- 
dling product and a large refuse low in ash and sulfur. For these reasons 
the washing of this coal would not be profitable. 


Table 8. — Washing Test on a Coal from White County, Tenn. 



Feed, 

Per 

Cent. 

Ash, 

Per 

Cent. 

Reduction 
in Ash, 
Per Cent. 

Sulfur 

Pyritic, 

Per 

Cent. 

Reduction 
in Pyritic, 
Per Cent. 

Organic, 

Per 

Cent. 

Total, 

Per 

Cent. 

Reduction, 
in Total 
Sulfur, 
Per Cent. 

Raw coal 

100.0 

15.15 


3.60 

1 

1.17 

4.87 


Washed coal 

54.6 

11.30 

25 

1.85 

51.6 

1.17 

3.02 

38 

Middlings 

32.0 

17.90 


4.04 


1.17 

5.22 


Washed coal and 









middling com- 









bined 

86.6 

13.80 

9 

2.65 

29.00 

1.17 

3.82 

21.5 

Refuse 

8.2 

36.39 





17.74 


Loss 

6.2 









Stjmmaey 

To sum up the conditions that characterize an easily washed coal, 
the excess undesirable sulfur and ash should be present in form of shale 
or pyrite particles large enough to be detachable from the. coal, without 
crushing finer than in. in size. The coal, when crushed to the proper 
size fox' washing, should be separable by a sink-and-float test into an 
increment heavier than 1.6 specific gravity and an increment lower than 
1.30 in specific gravity and low in ash and sulfur content with only a 
small percentage of intermediate density between these increments. 
The impurities that make a coal difl&cult to wash are thin bands of friable 
shale; bony coal; carbonaceous shale; thin filmlike flakes of pyrite, 
calcite, or gypsum in joint fissures; finely divided impurities intimately 
mixed with the coal, and organic sulfur. 

The chief value, in coal-washing investigations, of the determination 
of organic sulfur by extraction of the sulfate and the pyritic sulfur, lies 
in finding a value below which there can be no reduction of sulfur content 
by mechanical processes. For example, .if the coal from a given mine 
contains 3 per cent, of total, and 1 per cent, of organic sulfur, it would of 
course be impossible to expect a washed product carrying less than 1 per 
cent, of sulfur. Although this is a self-evident fact, it is of such impor- 
tance in determinmg the washability of a coal that attention is directed 
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to it. It would be inadvisable to give here a definite figure for the reduc- 
tion in pyritic sulfur that can be expected with the best modern coal 
washing machinery. The data given indicate that, in some coals, one- 
half of the pyritic sulfur may be removed, but the percentage reduction 
would vary markedly with different coals, depending on the physical 
form in which the pyritic sulfur occurs. In any case, the minimum 
sulfur content that may be obtained in the clean coal is well above the 
organic sulfur content because some pyrite occurs in a very finely divided 
state intimately mixed with the coal. For practical purposes in coal 
washing this, in addition to the organic sulfur, may be considered as 
fixed sulfur. 
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DISCUSSION 

Ernst Prochaska, Bonne Terre, Mo. (written discussion*). — The 
special importance of this paper is the fact that it calls special attention 
to the existence of organic sulfur in coal. Many writers have denied 
the existence of a chemical compound of carbon with sulfur in coal, but 
later investigations, and especially the paper by Fraser and Yancey, 
prove undeniably its existence. As we become more fully convinced of 
its existence and as the present methods of washing, either in a jig or on 
tables, are unable to separate the organic sulfur, it remains for an inven- 
tive genius to perfect a chemical washing process whereby the sulfur will 
be dissolved out of the coal, or we must abandon entirely the washing of 
such coal. 

Another point that deserves special attention is the description of a 
systematically carried on investigation into the physical and chemical 
characteristics of the raw coal previous to the installation of a washery. 
This method of preliminary investigation was introduced by R. H. 
DeHoll and later exhaustively carried on by David Hancock, who 
originated the ^‘efficiency chart,’' which in my opinion gives a clearer 
graphical picture of the physical composition of coal than the graphs by 
Messrs. Beers. 

A good many costly washeries have proved total failures, not on ac- 
count of faulty machinery or methods used but solely on account of 
lack of preliminary investigation. Such an investigation would have 
proved the coal to be non-washable and would have saved not only 
much money but also much disappointment, bad feeling, and reputa- 
tions. A very simple, inexpensive investigation, preceded by a careful 


* Eeceived Sept. 20, 1919. 
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and thorough sampling of the mine, is the basis not only for the proper 
laying out of the flow sheet but also for the final decision as to whether or 
not a washery should be built. Therefore the installation of a physical 
laboratory should be the first step when considering the building of a coal 
washery. Coal washing is entering into that period of development 
where the familiar jig man, with a stick to determine the thickness of the 
slate bed, must make place for the technically trained washery superin- 
tendent assisted by a competent research chemist. Coal washing de- 
mands just as much the service of a scientist as do all other metallurgical 
refining processes. 

Cael a. Wendell, New York, N. Y. (written discussion*). — I have 
never seen in print anything that even remotely has approached this 
article in clearness and important conclusions in conjimction with work 
done on the sink-and-float test. I have had many hundreds of these 
tests made and on different specific gravity solutions and the resultant 
product analyzed, but I have never grasped nor been able to show what 
this article sets forth. This article brings out one factor very clearly to 
,my mind; what is to take the place of the solutions of different specific 
gravities used to obtain the laboratory results, when it comes to washing 
on a large scale, since water has one constant weight only? The answer 
is, sizing of coal. And as we know the importance of size versus specific 
gravity of the material to be washed, perhaps defined (practical) lines can 
ultimately be gotten up so that the sizing, if any, may be determined at 
the same time as the laboratory work on the coal is being done. 

G. R. Delamatee, t Steelton, Pa. (written discussion J). — The 
authors’ deductions are well founded and although they disclaim any 
wide experience in commercial coal washing, practically all of the data 
presented are applicable to coals of all parts of this country. The paper 
clearly sets forth the great necessity of careful preliminary investiga- 
tion of each contemplated washery undertaking, and contains the follow- 
ing very true statements. “It is not safe to assume that any coal which 
can be successfully washed on coarse coal jigs can be cleaned more com- 
pletely by washing at a finer size on tables,” and “The effect of finer crushing 
upon the completeness with which impurities may be separated from coal 
depends upon two opposing tendencies. First, that the more finely 
a raw Coal is crushed, the more completely will the particles of impurities 
be detached from the particles of dean coal. Second, the finer a coal is 
crushed the more dMcult it becomes to separate the pieces of clean refuse 
from the pieces of clean coal.” 

The use of tables is quite new in coal washing; but because they may 
be successful in some instances is no proof that they will be in all. Their 

* Received Oct. 8, 1919. 

t Coke Oven Dept., Bethlehem Steel Co. J Received Oct. 28, 1919. 
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use should be governed by their adaptability to the various conditions 
found in any washing proposition. As we near the day when every coal 
washery proposition will be carefully studied before the plant is designed, 
coal washing will lose the stigma it has carried so long and its cost will 
reach a level that will overcome much of the prejudice now existing against 
it. With the hit-and-miss method of the past, too many plants have 
failed as first built, because of the necessity of extensive alterations. Had 
a thorough study been made at first, the plant would have produced with 
greater efficiency and lower operating cost than is possible with the made- 
over plant; and in many instances first cost would have been reduced. 

The prospective washery owner should not be satisfied with a stereo- 
typed washery layout but. should be prepared to spend the necessary 
money to obtain the following information about his coal; 

1. A careful study of conditions within the mine, to be sure that un- 
necessary expense is not placed against the washery by improper mining 
practices. Included in this would be an effort to determine the advisa- 
bility of including such parts of the seam as have not been mined on ac- 
count of quality. Coal-washing costs may frequently be higher than at 
other washeries, with reason, if such increased cost results in greater 
return per acre of that particular coal land. 

2. Thorough investigation to determine the proper crushing of the 
coal and the yield of washed coal that may be expected. 

3. Screen tests to determine in what sizes the impurities are carried. 
This combined with float-and-sink tests and analyses and observation 
of the resulting products will assist greatly in the determination of : 

4. Whether the coal can be cleaned by washing with any degree 
of success, advisability of sizing for ^washing, character of machines for 
washing, advisability of by-passing fines around the washery, suitability 
to drying by centrifugal driers or other systems, and probable water 
clarifying equipment necessary. 

6. Proper plant arrangement to avoid excessive cost of up-keep and 
repairs, labor, power, and water consumption and features affecting coal 
losses and expensive operation delays. 

C. A. Meissner, Brooklyn, N. Y, — The question of the organic 
sulfur in coal is one that has puzzled us quite a little, especially in our 
Illinois coal, and just how much we can expect those Illinois coals to 
contain, well,*say 3 to 3.6 per cent, in sulfur to be washed down, is depend- 
ent to a very large extent on how much organic sulfur there is in them. 
There is a question in some chemists’ minds whether there is much organic 
sulfur in coal and what this organic sulfur is. The Illinois University, 
and, I think, the U. S. Bureau of Mines, have been working on it also. 

As yet I do not think we have a very clear understanding of what 
organic sulfur really is, yet we know it is present as sulfur and I think, 
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when it comes to the blast furnace, whatever may remain in the coke as 
organic suKur will ultimately go into the iron or slag and be as deleterious 
as the pyritic sulfur. On the other hand, Mr. Yancey is quite right, we 
cannot wash it out; I would like to ask Mr. Yancey whether he is quite 
positive of the results which he has obtained on organic sulfur; in other 
words, that there is not sufficient iron present in the coals to take care of 
the sulfur as pyritic sulfur? 

Another question that comes up in connection with washing is the 
proper sizing of coal. Can you wash your coal without sizing it, say in at 
least three sizes, or can you take a middle size from % in. down to, say, 

in- and expect to get good results on the washing of that coal? In 
Europe they size very carefully. Where we have a great deal of fine 
sulfur, it would seem necessary to get down to pretty close sizing and 
then do our work either in the jigs or on tables, whichever proves to be 
the better method. 

H. F. Yancey. — Replying to Mr. Meissner’s question regarding the 
determination of the different forms of sulfur in coal; I believe that this is 
the subject of a paper to be presented by Professor Parr and Doctor 
Powell. The work which we have done indicates that we approach very 
closely the true value for organic sulfur. The pyritic iron is extracted 
along with pyritic sulfur and the determination of iron in this extract 
serves as a check on both pyritic and organic sulfur. Some iron is 
present in forms other than pyritic iron, and therefore the calculation of 
total iron to pyritic sulfur would not be entirely correct. The methods 
have proved quite satisfactory for the coal-washing work described in 
our paper. 

A. R. Powell. — ^In regard to the forms of sulfur in coal that come off 
in coking and what proportion of them stay in coke, I will say there is 
not a very decided difference in the relative amounts of the forms that 
come off, although there is a little greater percentage^of the organic sul- 
fur than of the inorganic, judging from the majority of the coals studied. 
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A trSE CLASSIFICATION OF COAL 


A Xlse Ciassificatioii of Coal* 

BY GEO. H. ASEDLET,t WASHINGTON, D. C. 

(Chicago Meeting, September, 1919) 

The present critical state of the supply, distribution, and utilization 
of coal and the necessity for pooling and zoning coals calls renewed atten- 
tion to the lack of any fully adequate classification of coal. In the 
past coals have been classified as anthracite, semianthracite, semibitumi- 
nous, bituminous, subbituminous coals, and lignite, and a few special 
types, such as splint coal and cannel coal. But under the term bitumi- 
nous coal are included a great variety of coals differing markedly both 
physically and chemically. The term subbituminous coal covers as 
great a range of chemical differences. In order to distinguish these 
varieties of bituminous coals it has been customary to designate coal 
by names derived from the place where mined, or by the name of the bed 
from which it is mined. Thus, in the market reports, coals are quoted 
as Pocahontas coal. New River or Sewell coal, Moshannon coal, Ohio coal, 
Williamson County coal, Jellico coal, and so on indefinitely, no limit 
being set as to the boundaries of the area to which a given name is applied. 
Nor is there any scale by which the coal from one place may be compared 
with the coal from some other district or some other bed. On the one 
hand, coals from the same district may be quite distinct and sell at very 
different prices or coal from the same bed may differ greatly in different 
districts; on the other hand, coals from different states may be so similar 
physically and chemically that one could replace the other in practical 
use without any appreciable difference in service. 

The following classification, arrived at after a careful review of a 
large number of systems of classification and of all of the recognized 
characteristics of coal, brings together all coals that so nearly resemble 
each other physically, chemically, and in heating qualities that any coal 
of a given type could replace any other coal of the same type and grade 
in use. Thus, if coals A and B are classed as of the same type and grade 
they have, so far as known to the writer, approximately the same heating 
value when burned under the same conditions, and the same character, 
length of flame, and properties affecting transportation and stocking; 
and if of the same grade, approximately the same percentage of impurities. 

* Published by permission of the Director of the U. S. Geological Survey. Classi- 
fication not officially adopted, only presented for discussion by engineers and geolo- 
gists. 

t Geologist in Charge Section of Eastern Coal Fields, U. S. Geological Survey. 
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The classification proposed is intended primarily to be practical, that is 
of use to the miner, transporter, and user of coal, and only secondarily 
scientific, that is to bring out resemblances and differences based on 
resemblances or differences of origin and history of the coal. It is 
therefore based on obvious physical differences and proximate analyses. 
This paper is a preliminary statement to bring the matter to the attention 
of coal men and students of coal, for the purpose of inviting constructive 
criticism, with the hope that it may then be possible to give the classifica- 
tion fairly permanent form, or as permanent a form as can be done with 
the present available knowledge. The classification is the result of a 
comprehensive study of the many thousands of analyses made by the 
Bureau of Mines, supplemented by many State analyses, combined with 
studies of the physical properties of the coals of the United States, as 
made by the writer and others during the past twenty or more years, or as 
described in tests of coal made by the U. S. Geological Survey, the Bureau 
of Mines, the Navy, and others. 

The available material is still far from complete and the basal studies 
have not been exhaustive, as such studies will doubtless occupy many men 
many years in the future, so that the classification cannot lay claim to 
finality. 

The study is based on a series of what are here called ‘‘standard 
types, which have been arrived at as the result of a long series of pick-and- 
try tests, and which it has been decided are of sufficient difference to 
warrant recognition. These types are based on “standard analyses;^^ 
that is, an analysis of the coal as “ received ’’ or “as fired but reduced 
(if necessary) to a standard of impurities. The impurities of the coal, 
the things not characteristic of the types, are ash, sulfur, and, to a lesser 
extent, nitrogen. For the standard analysis, there has been selected 
as a fair average 6 per cent, of ash, 1 per cent, of sulfur, and a percentage 
of nitrogen varying from 0.75 per cent, in anthracite to 1.5 per cent, in 
most of the intermediate types, and decreasing to 0.75 per cent, with lig- 
nites. A careful study of the moisture of coal has convinced the writer 
that the moisture content, within certain limits, is a characteristic of the 
coal. The fact that dried coals of different types subjected to the same 
conditions of temperature and vapor tension will reabsorb different but 
characteristic amounts of moisture, as brought out clearly by the experi- 
ments of Porter and Ralston,^ is just one line of evidence of the truth of 
this. As far as possible, types have been chosen that do not vary greatly 
in moisture content at the mines (as shown by analyses of mine samples) 
and at the point of delivery (as shown by large numbers of analyses 
of coals t^ken at points of delivery on Government contracts). 

^ H. C. Porter and O. C. Ralston: Some Properties of Water in Coal. U. S. 
Bureau Mines Tech. Paper 113. 
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It may be asked why “air-dried” analyses are. not used. A study of 
the air-drying results shown in Table 1 seems to indicate that, as yet, 
our air-drying methods have not been standardized, so as to give results 
consistent with themselves or with the analyses of the coals “as fired,” 
which latter are, after all, the data of most value for the buyer and the 
engineer. 


Table 1. — Air Drying of Low-rank Coals 


Lignites 

Sheridan Coals 

Iowa Coals 

Rock Springs Coal 

Indiana Coals 

As Re- 
ceived 

Loss 

Air- 

dried 

As Re- 
ceived 

Loss 

Air- 

dried 

As Re- 
ceived 

Loss 

Air- 

dried 

As Re- 
ceived 

Loss 

Air- 

dried 

As Re- 
ceived 

Loss 

Air- 

dried 

34.5 

21.0 

14.5 

22.7 

6.6 

16.1 

17.1 

9.4 

7.7 

§.S 

2.3 

6.2 

15.3 

11.3 

4.0 

35.7 

23.3 

12.4 

21.4 

6.6 

14.8 

16.1 

8.6 

7.5 

9.7 

2.8 

6.9 

15.9 

10.4 

5.5 

35.4 

17.0 

18,4 

20.3 

7.1 

13.2 

14.0 

4.5 

9.5 

10.9 

1.5 

9.4 

16.9 

13.1 

3.8 

43.7 

35.3 

8.4 

23.2 

10,0 

13.2 

18.5 

7.1 

11.4 

14.4 

4.2 

10.2 

10.9 

7.0 

3.9 

29.7 

22.4 

7.3 

24.7 

15.0 

9.7 

14.2 

10.4 

3.8 

14.5 

4.1 

10.4 

12.9 

7.6 

5.3 

43.5 

32.6 

10.9 

24.7 

10.4 

14.3 

16,9 

15.5 

1.4 

13.5 

3.8 

9.7 

13.5 

5.1 

8.4 

35.9 

12.7 

23.2 

22.8 

8.7 

14.1 

12.0 

6.6 

5.6 

12.4 

4.0 

8.4 

13.9 

7.8 

6.1 

32.0 

19.3 

12.7 

23.5 

15.8 

7.8 

15.8 

10.4 

5.4 

13.1 

4.4 

8.7 




32.4 

23.1 

9.3 

19.8 

7.0 

12.8 

14.4 

9.6 1 

4.8 

11.6 

6.0 1 

5.6 




42.6 

35.6 

7.0 

23.5 

6.9 

16.6 

15.4 

11.0 { 

4.0 

13.0 

3.4 

9.6 




35.3 

23.6 

11.7 

22.0 

5.0 

17,0 

11.3 

7.9 

3.4 

11.5 

7.1 

4.4 




32.6 

10.4 

22.2 

21.4 

4.5 

16.9 

12.0 

8.0 

4.0 

14.9 

9.1 

5.8 




42.3 

38.5 

3.8 

23.5 

6.9 

16,6 




1 

13.1 

6.1 

7.0 




36.6 

12.0 

24.6 

23.5 

14.6 

8.9 










42.3 

35.8 

6.5 

25.3 

16.5 i 

8.8 












“ i 

23.9 

7.8 

16.1 j 











It wiE be noted from'^the'table that on the “air-dried” basis, some of 
each of the coals have a^moisture content of about 8 per cent, and the 
air-dried analyses of those samples, on the «Cir-dried basis, as might be 
expected, can hardly be distinguished. 

The term “rank” of the coal is here used to designate the extent to 
which a coal has advanced in its progress from peat to graphite. The 
term "grade” is here used to designate the purity of the coal with refer- 
ence to the content of ash, sulfur, or other specific impurities or dele- 
terious action. Most of the coal types are separated by a difference of 
750 British thermal units on the basis of the “standard” analysis. To 
have selected a smaller difference would have increased the number of 
types and the difficulty of classifying a given coal; and to have increased 
the difference would have enlarged the range of a coal so that two coals 
falling within the same type might give an appreciably different service. 

Coals differ in three ways: in origin, rank, and grade. These differ- 
ences may be revealed by either or both the physical and chemical char- 
acters of the coal. A notable illustration* of coals differing in origin is 


* G. H. Ashley: Cannel Coal in the United States. U. S. Geol. Survey BvM. 659. 
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shown by a comparison of eannel and bituminous coals. Here there are 
both pronounced physical and chemical differences. The differences 
between ''block” coals and similar bituminous coals are due to origin 
and, so far as present studies have gone, are revealed in their physical 
characters only. 

The rank of a coal is revealed in both its chemical and physical char- 
acter. Chemically, coal in changing from peat or lignite to graphite 
shows a progressive elimination of its volatile constituents and a corre- 
sponding increase in the proportion of the uncombined carbon and ash. 
As ordinarily analyzed, fresh peat contains from 80 to 94 per cent, of 
moisture, from 3 to 7.5 per cent, of volatile matter, from 1 to 4 per cent, 
of fixed carbon; the rest is ash. Clean peat (not muddy) will have be- 
tween 90 and 94 per cent, moisture. Fresh lignite has between 40 and 
45 per cent, of moisture and about 25 per cent, each of volatile matter and 
fixed’ carbon; the rest is ash. There has, then, been a reduction of the 
proportion of both moisture and volatile matter. 

A typical analysis of peat from Beaver Marsh, near Hartford, Conn., 
shows: 91.2 per cent, moisture, 6.6 per cent, volatile matter, 1.8 per cent, 
fixed carbon, and 0.3 per cent. ash. If this is freed of ash and the analysis 
generalized, it might read: moisture 91.5 per cent., .volatile matter 
6.5 per cent., and fixed carbon 2 per cent., which figures may be assumed 
to represent the number of pounds of each in 100 lb. (45.359 kg.) of 
peat. A typical analysis of lignite from Bainville, Valley County, Mont., 
is: moisture 42.8 per cent., volatile matter 25.7 per cent., fixed carbon 
26.8 per cent., ash 4.6 per cent. This, freed from ash and generalized, 
might read: moisture 45 per cent., volatile matter 27 per cent., fixed 
carbon 28 per cent. If it be assumed that this lignite had been derived 
from the peat just described and that in the process there had been no 
change in the actual amount of fixed carbon, then the 28 per cent, of 
fixed carbon in the lignite equals 2 lb. (0.9 kg.) comprising all there was 
in the peat, the 27 per cent, of volatile matter equals 1.93 lb., a loss of 
4.57 lb. of volatile matter from that in the peat. Likewise the 45 per 
cent, moisture represents a loss of moisture from 91.5 lb. to 3.26 lb. If a 
similar coiiiparison is made between North Dakota lignite and Sheridan, 
Wyo., subbituminous coal, Iowa coal, and so on up the list, it may 
be noted that while the amount of moisture in the coal steadily decreases 
the percentage of volatile matter keeps about even with the percentage of 
fixed carbon through all of the lower rank coals until the moisture has 
reached a stabilized minimum, beyond which the percentage of volatile 
matter is rapidly reduced. 

As a matter of fact it can be shown that the amount of fixed carbon 
does not remain constant but decreases from one type to the next higher 
so that the actual loss of volatile matter and moisture is greater than 
indicated, and a study of the ultimate analysis shows that the character 

VOL. Lxm. — 60 . 
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of the volatile matter also undergoes a change. However, for the purpose 
of distinguishing coals by rank, the simplest system is to assume that the 
fixed carbon remains stationary and that there is a steady loss of moisture 
and volatile matter. This may be expressed as a ratio or curve as shown 
in Table 2. 


• Table 2. — Ratio of Fixed Carbon to Volatile Matter and Moisture 

P c 

Combined— 


Coal 

1 

1 Ratio 

Coal 

Ratio 

Anthracite 

10.7-f- 

Saint Clair County, 111., coal . . 

0.96 

Berniee coal 

' 6.8 

Sangamon County, HI., coal. . . 

0.84 

Brushy Mountain, Va.; coal 1 4.8 

Grundy County, 111., coal 

0.78 

Pocahontas coal 

i 3.7 

Sheridan, Wyo., coal 

0.68 

Sewell, New Kiyer, coal, . . 

j 2.8 

Carney, Wyo., coal 

0.62 


1 2 0 

Gillette, Wyo., coal i 

0.56 

Pittsburg coal 

1 1.60 

Wood County, Tex., lignite. . . 

0.50 

Beaver River, Pa., coal. . . 

: 1.2 

Houston County, Tex., lignite. 

0.43 

Gallatin County, 111., coal. 

; .1.09 

1 

Williston, N. Dak., lignite 

0.37 


Remembering, however, that in the high-rank coals the moisture is 
stationary and the loss appears to be entirely in the volatile matter, 
while in the lower rank coals the volatile matter losses appear stationary, 
with reference to the fixed carbon, it is possible to arrange a double ratio 
table of which the higher rank coals are distinguished, as now, by the ratio 
of the volatile matter to the fixed carbon or by the well-known "fuel 
ratio” and the lower coals by the ratio of moisture (as received) to fixed 
carbon. A table so constructed appears as shown in Table 3. 


Table 3. — Fuel Ratio and Fixed Carbon Moisture {or as here designated 

F,C.M.) Ratio 


Coal 

Fuel 

Ratio 

Carbon 

Moisture 

Coal 

Fuel 

Ratio 

Carbon 

Moisture 


10 + 

10+ (30±) 

Saint Clair County, 111 

1.4- 

4. 0-6.0 

Bernioe 

7-10 

10 + (27±) 

Sangamon County, 111 

1.4- 

2. 6-4.0 

Brushy Mountain, Va. . 

6-7 

10+ C26+) 

Grundy County, 111 

1.4- 

2.0-2. 6 

"P Vi ATI +.0 a 

3.6-5 

10+ (24.5) 

Sheridan, Wyo 

1.4- 

1. 7-2.0 


2.6-3. 6 

10+ (23) 

Carney, Wyo. . 

1.4- 

1.4-1. 7 

^ a 1 1 oir n 1 1 A 

1.86-2.6 

10+ (21.6) 

Gillette, Wyo 

1.4- 

1.0-1. 4 

T^i+.+.aVniT'or .... 

1.4-1.85 

10+ (19.6) 

Wood County, Tex 

l.4r- 

0.86-1.00 


1.4- 

10+ (17) 

Houston County, Tex 

1.4- 

0.65-0.85 

Gallatin County, 111. . . . 

1.4- 

6.6-10.0 

Williston, N. Dak 

1.4- 

0.6-0.66 


After a careful study of various proposed methods of distinguishing 
the rank of coal, as well as of many new ones, the writer believes the 
above method the best yet found, involving, as it does, only proximate 
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analysis results. According to the table the lignites are found to fall 
between 0.5 and 1 in the fixed carbon moisture ratio;- the principal 
subbituminous coals fall between 1 and 2; and the so-called bituminous 
coals between 2 and 10 beyond this point they are separated on the basis 
of fuel ratio, as now. 

In preparing a scheme to cover aU coals full account must be taken 
of the physical as well, as the chemical properties, as many coals having 
similar chemical composition, as shown by the usual analysis, may differ 
greatly physically, due to difference of origin or subsequent history, and 
therefore should not be put into the same class. No scheme based 
entirely on present known chemical differences may be used to differen- 
tiate all types of coal. 

In Table 4 attempts have been made to cover all of the common varie- 
ties of coal known in the United States. The coals are divided into those 
of compact texture and those of woody, fibrous, or earthy textiire. As a 
matter of fact, woody texture occurs and may be distinguished with the 
microscope in coals ranging all the way to moderately high-rank bitu- 
minous coals. Where, therefore, doubt exists as to whether a coal has 
compact, woody, fibrous, or earthy texture, the second test given in the 
table is used. If the moisture, as received, exceeds the fixed carbon, as 
received, the coal is classed as lignite or peat. If it does not, the coal is 
classed as bituminous or higher rank. 

Geographic names corresponding to those now in common use in 
designating coals are proposed for the several types of coals, except that 
the type name is made to end in ite to correspond to the endings of graph- 
ite, carbonite, anthracite, and lignite, already in use. Thus, Pocahontas 
coal is called Pocahontite. Pocahontas coal may continue to mean, as 
now, coal from the Pocahontas district of West Virginia and Virginia; 
Pocahontite will mean coal of Pocahontas rank of any grade from any 
part of the world. 

Following the key and omitting discussion of graphite and carbon- 
ite (native coke), the coals with compact texture are divided into anthra- 
cite and bitumite classes. The first class has a fuel ratio of 7 or more 
and a non-luminous flame. The second class has a fuel ratio of 
less than 7 and a luminous flame. The latter class includes the 
bituminous and subbituminous coals. The luminous flame indi- 
cates the presence of hydrocarbons in the volatile matter, and their 
presence is taken to indicate the bituminous character of the coal. 
The anthracites may then be divided into the true, or hard, anthra- 
cite, with a conchoidal fracture, high specific gravity, and submetallic 
luster, and the soft anthracite, with semicubic fracture and low 
specific gravity. The type of the soft anthracites is found at Bernice, 
Sullivan Co., Pa. The line between the two is drawn at a fuel ratio 
of 10. 
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Bitumites are first divided into those having a British thermal unit 
(B.t.u.) value, of over 14,300 and those having a British thermal 
unit value of under 14,300 on the coal free of moisture, ash, and sulfur. 
As previously stated, in the change of the coal from peat to anthracite 


there is a more or less steady change in the composition of the volatile mat- 
ter. The volatile matter of peat contains from 35 to 60 per cent, of oxygen. 
In the lower rank post-Carboniferous coals, this high percentage of 
oxygen is maintained and tends to hold the heat value of the volatile 
matter to a point well below the heat value of a similar amount of fixed 
carbon. In the coals of Carboniferous age and in a few of the post- 
Carboniferous coals, the oxygen in the volatile matter is commonly less 
than 25 per cent, and the heat value of the volatile matter correspond- 
ingly increased. By drawing the line at 14,300 British thermal units 
it is believed that practically all of the Carboniferous coals, certainly of 
the United States, are included above the line, and a majority of the 
post-Carboniferous coals placed below the line. 

This British thermal unit figure has been obtained by the formula; 

(ash, moisture, suUm- free) - ^ 

It may be noted that due to climate, or some other cause, some of the 
western post-Carboniferous coals with a low B.t.u. value of coal on 
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ash; moisture; sulfur free basis have a lower percentage of moisture than 
some of the coals of Carboniferous age; and therefore a higher British 
thermal unit value on the '^as received basiS; notwithstanding the low 
rank and character of the volatile matter. The coals below 14,300 Brit- 
ish thermal units on the ash, moisture, and sulfur free basis include, in 
general, the coals commonly called brown coals in Europe, following the 
classification of Zincken® and others. 

The higher rank bitumites are then divided into the Virginites or so- 
called smokeless- coals having a fuel ratio between 2.5 and 7, a short to 
medium flame, and coals having a fuel ratio below 2.5 and a long flame. 
The Virginites are divided into three types, those having a fuel ratio of 
from 5 to 7, from 3.5 to 5, and from 2.5 to 3.5. The first is a non-caking 
coal with a fuel ratio between 5 and 7. This coal is not abundant in 
this coimtry, though found in the Brushy Mountain field of Virginia, 
the Coal Hill field of Arkansas, and a few other places. This is the type 
of the best “Admiralty^' coals of Wales, so long used by the British Navy. 
The other two types are both caking coals, that is they swell up on 
burning and run together into a cake and if other characters are favor- 
able may be used in the making of coke. They are separated into two 
types, according to the length of flame. The short-flame type is typified 
by the Pocahontas coal of eastern-central McDowell Co., W. Va., and 


Analyses, and Variovs Data and Ratios 




790 


A USE CLASSmCATION OF COAL 


the mediimi-flanie type by the Sewell coal below Thurmond on the 
New River. The line between them and on either side is drawn on the 
basis of the fuel ratio. The Pocahontas tj^e is limited by a fuel ratio 
of from 3.5 to 5 and the Sewell type by a fuel ratio of from 2.5 to 3.5. 
In accepting the lowest fuel ratio just given, account was taken of the 
fact that SeweE coals with a fuel ratio of 2.8, as sampled by the writer, 
have been on the Navy accepted list.^ 

The long-flame coals are divided into the caking, or steam, coals, and 
the non-caking, or household, coals. The caking long-flamed coals 
are then divided into two groups according as their fuel ratio is above or 
below 1.4. The former are here caUed the Pennsites, from their weE- 
known occurrence in Pennsylvania (“Pennsy”). The Pennsites include 
two types, according as the fuel ratio is above or below 1.85. Those 
above 1.85 are termed Connellsite, from their typical occurrence in the 
ConneEsviEe basin in Fayette and Westmoreland counties, Pa. They 
are commonly suited to the making of coke in beehive ovens if of proper 
grade. The lower group, having a fuel ratio of between 1.4 and 1.85, 
are caEed Pittsites and are typified by the Pittsburgh coal south of Pitts- 
burgh. They are good steam coals and, if of proper grade, are suitable 
for making gas and by-product coke. 

The coals having a fuel ratio below 1.4 are then divided into the 
Ohioites, characteristically developed in Ohio, having a fixed carbgn 
moisture ratio of more than 6 ; and lEinoites, high-moisture coals having a 
fixed carbon moisture ratio of less than 6. There is a marked change in 
calorific value in Ohio coals from east to west, due to increasing moisture 
content toward the west. On this basis, the coals are treated as of two 
types, Belmontites, as found in the Belmont field, having a fixed carbon 
moisture ratio of over 10, and Hockingites, as found in the Hocking 
Valley field, with a fixed carbon moisture ratio between 6 and 10. 

The coals of IlHnois change markedly in rank from southeast to 
northwest. In southern GaEatin County, the coal is of Belmontite 
rank. North and west of that, the coal as received contains from 4 to 
8 per cent, of moisture. These coals have a British thermal unit value 
of from 12,250 to 13,000. West of that and typicaEy developed in St. 
Clair Coirnty, just east of St. Louis, is found the type of coal here called 
St. Clairite. This type has a fibsed carbon moistxire ratio of 4 to 6 and a 
British thermal unit value of between 11,500 and 12,250. Farther north 
and centering about Sangamon County is a type of coal with high mois- 
ture, the fixed carbon moisture ratio being 2.5 to 4, and the British 

* Atteation should be called to the statements on page 29, BuUetin 22, of the 
Bureau of Mines, regarding the unreliability of the determination of volatile matter 
in analyses bearing laboratory numbers between 6147 and 9120. In this study, those 
analjrses have been discarded in so far as they bore on fuel ratio or content of volatile 
matter or fixed carbon. 
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thermal unit value between 10,750 and 11,500 ; it is here called Sangamite. 
In the northern coal counties of Illinois, the coal commonly has over 
15 per cent, moisture. 

The non-caking, or household, coals differ in origin from the caking 
coals and are divided into two groups, here called the splintites, or 
splint coals, which have a laminated structure and cubic or tabular 
fracture; and the cannelites, or cannel coals, which have a massive 
structure and conchoidal fracture. The splintites are characteristically 
high-moisture coals, as compared with other bituminous coals of the same 
region. This is explained by the writer as being due to the absorption, 
or holding, of the moisture in the mineral charcoal layers of the coal. 
The cannel coals are characteristically low-moisture coals but the typical 
cannel coals are high in volatile matter. Four types of splintite have 
been picked, which differ both physically and chemically and in heat 
value. It is not necessary to describe them in detail, as probably all 
are well known to coal men. Coalburgite is a typical West Virginia 
splint coal named from Coalburg, W. Va., which appears to have been 
the first point from which that type of coal was extensively shipped. 
Kennilworthite is a low-moisture non-caking coal found at Kennilworth, 
Utah; it is fundamentally a little lower in rank than Brazilite, but prob- 
ably climatic conditions have reduced its moisture content so that ac- 
cording to the plan of classification it stands higher. Brazilite is the 
type known for over half a century as Indiana block coal or Brazil block 
coal. Mendotite is a type of block coal, found at Mendota, Mo., that 
differs from the last mainly in its lower heat value. 

The cannelites, including cannel and canneloid coals, are differ- 
entiated by differences of fuel ratio. Canneloid anthracite and semi- 
anthracites are not listed here as their canneloid character does not 
affect their use. Altizite, named from the Altizer mine, mi. (804.6 m.) 
north of Faraday, Tazewell Co., Va., is a non-coking coal in contrast 
with the Pocahontas coal, which is a coking coal, and therefore may pos- 
sibly find a different use; The other types down to Canfieldite are lean 
cannels or canneloid coals having the physical properties of cannels but 
not the chemical properties. True cannels have been defined as coals 
of bituminous rank having a fuel ratio of less than 1. 

The lower rank bituminous coals having a fuel value of less than 14,300 
B.t.u. on the ash, moisture, sulfur-free basis are divided into two groups: 
those that resist weathering and may be stocked or shipped long distances 
and those that, when exposed to sun and rain, tend to break down rapidly. 
If necessary to draw a definite line between these groups, it is suggested 
that coals, lumps of which, free of pyrite, exposed to alternate wetting and 
drying break down and lose their shape within one month shall be classed 
as non-weather-resisting. The weather-resisting group is divided into 
three types, according as they are low, medium, or high in moisture 
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or in the reverse order in difference of fixed carbon moisture ratio. 
These coals are called Montanites, as the three types are all taken from 
Montana. 

The low rank non-weather-resisting bituminous coals, or subbitumi- 
nous coals, are characterized by their lightness and tendency to break 
down as they lose moisture, the fracturing commonly following irregular, 
or zigzag, lines. The types are all drawn from Wyoming with one ex- 
ception, and. are therefore called Wyomites. The one exception is 
Gallupite, of which the type locality is Gallup, N. Mex., and which is 
therefore grouped as New Mexite. Gallupite and Hannite have many 
points of resemblance, but judging by the character of the volatile matter 
Gallupite is of a considerably higher rank than Hannite. 

The term lignite, though properly applied only to coals having a 
woody structure, is in this country appHed to coals of’ all kinds in the 
first stages of anthracitization. A study of the coals that have been 
classed as lignite in this country, not including those formerly called 
black lignite and more recently subbituminous, reveals that almost 
without exception they contain in the “as received sample over 30 
per cent, moisture, while the black lignites or subbituminous coals almost 
without exception contain less than 30 per cent, moisture. It is proposed, 
therefore, that coals in which the woody, fibrous, or earthy texture is 
obvious shall be called lignite, regardless of their moisture content, but 
that of coals in which the woody texture is not obvious only those having 
a fixed carbon moisture ratio of less than 1 on the ^^as received^’ basis shall 
be classed as lignite. As so grouped, the class lignite includes coals that 
range from those obviously 75 to 85 per cent, wood to those that do not 
contain any wood, such as the canneloid coals derived from accumulation 
of algse, spores, and spore cases and other non-woody vegetal material 
accumulated in water to which the name “sapropeP^ has been given. 
If the term “xyloid,'^ meaning woody, is applied to the woody lignites, 
the class lignites may be divided into three subclasses, xyloid lignites 
and sapropel, or canneloid lignites, and an intermediate class. 

Lignites differ greatly in percentage of moisture and thus in fixed 
carbon moisture ratio, in fuel ratio, and in heating value. Unfortunately 
the coal from the same mine differs so greatly that it is not possible to 
classify the coal closely on these characters. Thus, the fuel ratio of the 
coal from Hoyt No. 3 mine in Wood County, Tex-, varies from 0.46 to 1.14. 
Coal from the Snyder mine 8 mi. (12.87 km.) north of Glendive, Mont., 
varies in fuel ratio from 0.31 to 1.0. In hke manner, the moisture 
content will vary according as the coal is fresh or has had time to dry out. 
Thus mine samples from the Lehigh mine, Starke County, N. D., all have 
over 42 per cent, moisture, but samples taken from carload lots from the 
same mine range from 32 to 35 per cent, moisture. A classification on the 
fixed carbon moisture basis would put the same coal in one type as it came 
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fresh from the mine and in another at the point of delivery, the coal 
meanwhile having had time to dry out. Therefore classification is 
restricted to differences of texture as obvious to the naked eye. 

Following the key and table of types are given first the locality from 
which the names are derived, then the range and average British thermal 
unit value of the coal reduced to standard analyses on the “as received^' 
basis; then the British thermal unit value on the ash, sulfur and moisture 
free basis. The next column gives the range and average moisture content 
of the coals when reduced to standard ash, and sulfur. Then follow , 
proximate and ultimate analyses ,on the standard basis, that is including 
moisture as received but reduced to 6 per cent, ash, 1 per cent, sulfur, 
and a varying content of nitrogen. Following the analyses are given a 
number of ratios that may prove of interest to any desiring to study 
further into the classification proposed. These include the inverse ratio 
of oxygen to the whole of the coal, the ratio of the carbon to the oxygen, 
of carbon to hydrogen, including the hydrogen of the moisture in the 
standard analyses, of carbon to the volatile carbon. There is also given 
an ultimate analysis on what is designated “standard pure” basis, 
that is freed of ash, sulfur, and nitrogen, but including the moisture. Two 
columns are devoted to the volatile ndatter, giving first the percentage 
of the three elements, volatile hydrogen, volatile carbon, and volatile 
oxygen in terms of all the coal, and in the second column in terms of the 
volatile matter. The percentages of the elements of the volatile matter 
are not determined by actual analyses of the volatile matter but in the 
usual method of subtracting the fixed carbon from the total carbon to 
obtain volatile carbon, by subtracting the hydrogen and oxygen of the 
moisture from the total hydrogen and oxygen to obtain the volatile hydro- 
gen and volatile oxygen. There is also inserted, as of possible interest, 
the heat value of 1 per cent, of volatile matter derived by subtracting from 
the total B.t.u. value of the coal the B.t.u. value of the fixed carbon and 
dividing by the percentage of volatile matter. It may be of interest to 
note that the figure for any coal is not far from three times the percentage 
of fixed carbon; in fact, in an initial study of this topic, using individual 
analyses, the result was even more striking than is brought out in the 
generalized table. 

In these days, so much business is done by wire that it is often de- 
sirable to have, in addition to names, some letter, symbol, or word that 
may be used to designate the various ranks of coal. The system given 
is to give a capital letter to each type, except that non-caking splint 
coals are given the same letter as the corresponding caking coal, but 
doubled, while three letters are used to designate the canneloid coals 
and at the same time indicate the type of caking coal to which they corre- 
spond. If canneloid coals corresponding to types J, /, and K are found, 
they will take the corresponding letter tripled. 
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The classification presented is based, as stated, on a standard analysis 
reduced to contain 6 per cent, ash, 1 per cent, sulfur, 0.75 to 1.50 per cent, 
nitrogen. But coals differ in^ grade as well as in rank and an economic 
classification should provide for their classification by grades as well as 
by rank. Aside from the presence of phosphorus in coals in too large 
amounts for the making of steel, the three factors commonly affecting 
the grade of coal are ash, sulfur, and fusibility of ash. 

Little attention has, in the past, been paid to the fusibility of ash but 
.engineers are beginning to realize that a coal with ash with a low fusing 
point may, by blocking the grate bars, give a much lower duty than 
other coals that by the analyses alone are of lower grade and heat value. 
To present these facts, two metho ds may be adopted : the designation of the 
rank of the coal by name or letter may be followed by a brief descriptive 
statement of the coal, as — ^Pocahontite, 7 per cent, ash, 8 per cent, sulfur, 
high fusibility. Or, to facilitate brief description by wire or cable, 
certain letters to which are assigned definite range of meaning may be 
used. Thus, it is suggested that a, s, and / stand respectively for ash, 
sulfur, and fusibility, and that these be prefixed by small letters which 
should have the following limited meanings: 


Table of Letter Abbreviations to Express Grade of Coal 



Ash, 

Per Cent. 

Sulfur, 

Per Cent. 

Fusibility, 
Degrees F. 

vl ~ very low 

0-4 

0-0.75 

Less than 2200 

1 == low 

4-8 

0.75-1.6 

2200 to 2400 

m == medium i 

8-12 

1.5 -2.6 

2400 to 2600 

h = high 

12-20 

2.5 -4 

2600 to 2800 

vh^ very high 

Over 20 

Over 4 

Over 2800 


Using these letters and those that indicate the rank of the coal it is 
possible to describe a coal fully, as follows: D, la, Is, A/, stands for a 
smokeless coking coal with a fuel ratio between 3.5 and 5, an ash between 
4 and 8, a sulfur content between 0*75 and 1.50, an ash with a fusing 
point of between 2600 and 2800*^ F. 

Should this proposed plan of coal classification meet with definite 
approval, it is proposed to prepare an extended paper discussing the 
whole problem in detail, with detailed descriptions of each type and pos- 
sibly maps showing the occurrence of the several types over the country. 

DISCUSSION 

E. D. Hall, New York, N. Y. — ^In view of the fact that we are now 
going into the foreign markets and query is being made into what kind 
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of coals we have to supply, it is a good thing that we should have such a 
use classification as Mr. Ashley has suggested, so we can bind together 
in one class all the coals of a similar character. Heretofore, it has been 
customary to describe coals not by their nature so much as by their 
localities. Mr. Ashley’s idea is to show the coals particularly suited for 
certain purposes. He would bind like coals in one state with like coals 
in another so that all the coal available would be readily ascertained as 
soon as one knew the exact character of the coal wanted. Mr. Ashley 
has very carefully made a classification of all the coals of the United 
States. Perhaps the names that he has given them will occasion much 
dissatisfaction; that is altogether to be expected, but he has started 
something we all need and we may arrive, finally, at a knowledge as to 
which of the various kinds of coals we are justified in grouping together. 
He has called, for instance, one kind of coal “Pocahontite;” that may or 
may not be satisfactory to the Pocahontas people. He includes in that 
class a large quantity of coal in Pennsylvania which has similar character- 
istics. Any one who wants coal similar to Pocahontas can find coals of 
that quality grouped under the head “Pocahontite.” 

E. N. Zeen,* Pittsburgh, Pa. — am wondering how far Doctor Ashley 
expects to go into this scheme of classification. In order to be highly 
useful, commercially, it will require that all coals mined in the United 
States be classified in accordance with their physical and chemical quali- 
ties and take their place under a type name. Such an arrangement would 
prove very useful, indeed, to the consumer of coal, especially to those 
who require a coal for such particular purposes as byproduct coking or 
for the burning of fine ceramic ware. 

Geoegb H. Ashlet (author’s reply to discussion). — In the prepara- 
tion of the classification presented, graphic studies were made of all the 
analyses of coal that had been made by the Bureau of Mines, as well as 
of a large number of other analyses both domestic and foreign. This 
involved, in part, the preparation of maps, some of which have since been 
published.^ 

It is the author’s plan, after learning whether such proposed classi- 
fication meets in some measure the needs of the industry, to prepare a 
detailed report with extensive maps showing just how the classification 
works out, as applied to the coal fields of the United States. It is his 
hope that later, if desirable, its application may be extended to the coal 
fields of the world, in order that comparison may be made between domes- 
tic and foreign coals. When first written, the types and type localities 
were drawn from foreign as well as domestic fields. Unfortunately, the 

* Editor, Keystone.CJoM. Pub. Co. 

' Coal Aae (Dec. 23, 1919). 



796 


A XTSE CLASSIFICATION OF COAL 


lack of uniform analyses of foreign coals with the analyses of the coals 
of this country, made by the Bureau of Mines, made such type deter- 
mination hazardous and led to basing the whole scheme on the Bureau 
of Mines’ analyses and to the omission of a large group of these. 

It is the author’s plan to make a complete classification survey of the 
coals of the United States as far as the information available warrants, 
provided the classification proposed appears, to those connected with 
the industry, to meet the needs of the industry and to warrant such a 
detailed report. 
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Height of Gas Cap in Safety Lamp* 

. BY C. M. YOUNG, t B. M., URBANA, ILL. 

(Chicago Meeting, September, 1919) 

The safety lamp is the most common and convenient apparatus for 
detecting inflammable gases in mines, the presence of gas being shown by 
a blue flame, called the cap, if the wick has been lowered to suppress the 
luminous flame. The height of the cap increases wi-th the proportion of 
gas and with the temperature of thedamp flame. Lamps of the Wolf type, 
the fuel of which is benzine, have a hotter flame than lamps in which vege- 
table oils are used, such as the Davy, and the Clanny, and are more 
sensitive than the latter and their many modifications. The Piehler 
alcohol lamp gives a still higher cap while the Clowes hydrogen lamp is 
most sensitive of all.‘ While the effect of the temperature of the source 
of ignition is well known, the writer knows of no previous attempt to 
correlate the change of this temperature with change of the height of the 
cap produced. 

In order to determine the height of the cap at various temperatures, 
it was necessary to have a source of ignition the temperature of which 
could be accurately controlled over a considerable range. This condition 
was met by a coil of wire of high fusing point heated by an electric current 
controlled by a variable resistance. The use of a coil offered the further 
advantage of freedom from complications due to the flame of a burning 
fuel. Such a flame, being itself of variable height, would to some extent 
raise or lower the elevation of the base of the cap and therefore add to the 
difficulty of determining the height of the cap. Besides this, the pre- 
sence of a small cap from the lamp fuel, commonly known as the ^Tuel 
cap, would interfere with the observation of small gas caps. 

After some experiment, a coil was made of platinum wire. No. 26, 
diameter 0.016 in. The coil was in. (6.746 mm.) in outside diameter 
and had eight full turns in a length of in. (12.69 mm.). This was con- 
nected to an electric circuit through an adjustable resistance, as shown in 
Pig. 1. In order to measure the temperature, a thermocouple was in- 
serted in the center of the coil; the leads passed out at the ends and were 
conducted to a millivoltmeter. It is probable that the current of air 
passing upward through the coil resulted in the indication of a tempera- 


* Work done in ventilation laboratory of Department of Mining Engineering, 
University of lUinois. 

t Assistant Professor of Mining Research, University of Illinois. 
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ture somewhat below that of the coil, but the error was not of a nature 
to change the general conclusion drawn from the observations. Partly 
because of the fact just mentioned and partly because the impossibility 
of measuring the exact height of the cap rendered refinements in other 
parts of the work unnecessary, no cold junction was used in connection 
with the thermocouple. Moreover, there was no object in ascertaining 
the exact temperature at which a given percentage of the particular 
gas used would give a cap of certain height. The height of cap varies 



with the composition of the gas and the results obtained could not be 
checked with those obtained with another gas unless that gas were meas- 
ured in accordance with its cap-forming power instead of its composition 
and percentage. The object of the experiment was not to find the exact 
height of cap given with a certain percentage of gas at a given temperature 
of the coil, but to show that the height of the cap varies with the teih- 
perature of the source of ignition. Points such as the relation between 
the exact temperature of the source of - ignition and the height of the cap 
in mixtures of prue methane and air, and the relation between the height 
of the cap and the Size of the igniting body, are reserved for future 
investigation. 

A scale was placed back of the coil and in front of it a screen to cut 
off the light from the coil; the base of fihe scale, the top of ^he coil, apd the 




C. M. YOUNG 


799 


top of the screen were at the same elevation. The apparatus was black- 
ened to prevent reflection of light from the coil as far as possible. For 
the proper proportioning of gas and air, an Oldham gas-testing machine 
was used. As methane was not available, gas from the city lines was 
employed. No attention was paid to the composition of the gas or to the 
percentage present, but the apparatus was arranged to give a mixture 
approximately equivalent in cap-forming power to certain percentages of 
methane. 
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The apparatus was calibrated with an unbonneted Clanny lamp and 
the mixtures used were approximately equivalent in cap-forming power 
to mixtures of methane, and air containing 4, 3, 2, and 1 per cent, of 
methane. No higher percentage was used because of the approach to 
the explosive limit. The relations between the temperature of the ignit- 
ing coil and the height of the cap produced with these mixtures are shown 
by graphs A, B and C, Fig. 2. 

With a gas mixture equivalent to 4 per cent, methane, no cap was 
observed at 660® C., but a cap about % in. (9.52 mm.) high appeared at 
662° C.; thus roughly indicating this as the ignition temperature of the 
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gas. The composition of the gas is variable but the following analysis 
is fairly representative of its composition at the time when the tests were 
made: COj, 6.7 per cent.; O 2 , 0.2 per cent.; lUuminants, 12.1 per cent.; 
Ha, 20.8 per cent.; CO, 8.8 per cent.; CH4, 18.4 per cent.; Na, 33.0 per 
cent. The ignition temperature of such a mixture is uncertain, but that 
of methane is commonly given as about 650° C. while that of hydrogen 
is somewhat lower. It may be judged from the appearance of the cap 
at 662° that the temperature indication was not seriously in error. 

The abrupt appearance of a cap % in. high at 662° C. is somewhat un- 
expected, as it might be supposed that the cap would increase gradually 
from 0. The measurement of the height of the cap was difficult because 
of the lack of a quite definite summit, but none of many observations with 
a 4 per cent, methane equivalent showed a cap less than in. (6 mm.) 
high and this small cap appeared and disappeared abruptly with very 
small temperature changes. 

Graph A is a composite of the readings of four sets of observation, 
graph jS is a composite of two sets, and graph C represents, only one set. 
In each case there is a nearly horizontal portion, while the temperature 
is lower than about 800° C. At these lower temperatures, changes in 
temperature made very little difference in the height of the cap. The 
explanation of this fact is not certain but it may be due to the burning 
of the constituents of the mixture having lower ignition points than 
methane. It seems quite possible that the heavy hydrocarbons that 
constitute 12.1 per cent, of the gas would be thus burned. Beginning 
at about 850°, increase of temperature produced a more marked effect 
on the height of the cap. This is especially noticeable in the case of the 
richest mixture. 

When an attempt is made to draw curves through the points, it is 
found that there is some evidence of irregularity in the region between 
about 825° and 925°, where some points are found lying above the posi- 
tion of a smooth curve. This is shown most plainly in graph C but is 
found also in B aiid A. It occurs at a lower temperature in C than in A 
while in B it occurs at about the same temperature as at A. No explana- 
tion for this peculiarity is at present apparent. 

With gas equivalent to 4 per cent, methane the cap was plain and while 
low could be measured with some accuracy. High caps ranging above 
about in. (38 mm.) were hard to measure, because they fluctuated 
somewhat, and also because the top faded out without having a definite 
limit. 

With gas equivalent to 3 per cent, methane, the cap was less plain than 
with 4 per cent.; and with a 2 per cent, equivalent the cap was hard 
to see. Experiment with a mixture equivalent to 1 per cent, methane 
showed a faint cap, about in. (3 mm.) high, when the coil was bright red. 
Raising the temperature did not apparently increase the height of the 
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cap, but the cap was so faint that it was obscured by the light from the 
coil and no measurement was attempted. 

The experiments show that there is a fairly definite relation between the 
temperature of the source of ignition and the height of the cap formed in 
a mixture of a combustible gas and air, the height of the cap increasing 
with the temperature. More rigid investigation might reveal a connec- 
tion between these variables capable of mathematical expression, but the 
conditions of the experiments made do not warrant an attempt at such 
expression. 

DISCUSSION 

E. B. Wilson, Scranton, Pa. (written discussion*). — Prof. Young^s 
paper shows another application of electricity in solving problems in 
coal mining, and suggests that it may be possible to utilize the data he 
has collected in developing an electric firedamp detector. 

If electric lamps are to be adopted in gassy coal mines, the use of 
an electric firedamp detector becomes almost imperative, for safety 
lamps and electric lamps in the same mine are not always conducive to 
safety, and Liveings electric firedamp detector is too cumbersome to 
meet with general approval. 

Three well understood facts are verified in a new way by Prof. Young's 
experiments: 

1. The temperature at which methane ignites. 

2. The more inflammable gas present in an atmosphere, the hotter will 
be the flame, and the longer the cap in a safety lamp. 

3. As the temperature at the source of ignition varies, the length of 
the gas-cap flame varies. 

Prof. H. B. Dixon collaborating with Mr. H. P. Coward, some years 
ago, made experiments on the ignition of various gases to find the tem- 
perature of their kindling points.^ From the results of their experiments, 
the writer has culled the ignition temperatures of some hydrocarbon 
gases, and has tabulated them with other data, in Table 1. 


Table 1. — Ignition Temperatures of Hydrocarbon Gases Met with in 
Mines, together with their Heat Units 


Gas 

Formula 

Q 

Ratio ^ 

Temperature 
of Ignition 
Degrees C. 

B.t.u.jper 
Cubic Foot 

Acetylene .• 

C2H2 

1:1 

406-440 

1,555 

Ethene 

C2H4 

1 :2 

500-519 

. 1,673 

Ethane 

O2H6 

1 :3 

520-630 

1,858 

Methane 

CH4 

1 :4 

650-750 

1,065 

Hydrogen 

H 


580-590 

348 


♦Received Aug. 26, 1919. ^Jnl, Chem. 8oc,,' Tram. (1909) 95, S14. 

VOL, Lxin. — 61 . 
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It TYill noticed that the less carbon and the more hydrogen a gas 
contains the higher will be its temperature of ignition, also that the 
density of a gas has a direct bearing on the number of heat units evolved 
by its combustion. 

Evidently the wide range between the first and second temperatures 
is due to the varying conditions accompanying the tests, therefore it 
appears that Young’s curves are quite uniform within the possibilities 
of temperature differences, even assuming that the composition of the 
gas varied sKghtly. It is possible that the nearly horizontal extension 
of Prof. Young’s curves, while the temperatures of the gases were below 
800°, was due to the molecules having reached a distance from the source 
of heat where vibrations failed to increase, and thus limited the trans- 
mission of heat, but as the heat intensity increased the vibrations in- 
creased sufficiently to extend the flame. 

This speculation is based on the assumption that gas, like any other 
substance, must be raised to the temperature of ignition before it will 
burn. This being true, then the cap flame which originated at the point 
of ignition is extended by those molecules of gas burning which have 
never been in direct contact with the source of heat. 

Mr. Force, chief chemist of the Delaware, Lackawanna, & Western 
R. R., recently made experiments in which mine air containing a small 
percentage of methane was used under boiler furnaces. He found that 
so small a quantity as 1 per cent, of methane was able to replace a 
certain amount of coal for steam raising. If, then, 1 per cent, gas fur- 
nished a certain amount of heat, it is reasonable to suppose that 2-por 
cent, gas would furnish double the amount. Prof. Young’s . graph 
follows this line of reasoning when the difference in the mixture of gas is 
1 per cent., but when the gas is doubled from 2 to 4 per cent, the height 
of the flame is trebled, thus showing that the heat conditions about the 
point of ignition are materially changed. 

This offers an explanation why the same lamp with different illumi- 
nants gives different heights of caps, and why different types of lamps 
with the same illuminants give different heights of caps; also why. the 
same types of lamps with the same illuminants give slightly different 
caps. 

An interesting proof of the mechanical mixture of gases is developed 
by the safety lamp, which under certain conditions will show caps in an 
atmosphere that contains but Kso P^'^t of gas. It would be unreason- 
able to expect that an atmosphere containing but one part of inflammable 
gas in two hundred and fifty parts would produce and transmit as much 
heat as another volume of air that contained one part of gas in one 
hundred parts, or one part of gas in fifty parts, etc. Evidently, then, 
the height of the gas cap is not entirely due to the heat at the point of 
ignition, and some credit must be given to the extension of the flame 
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through the combustion of the gaseous molecules. Liveings firedamp 
indicator is based on the comparative brightness of two glowing platinum 
wires, one enclosed in an airtight vessel and the other exposed to the 
atmosphere to be tested. Firedamp coming in contact with the exposed 
red-hot platinum wire raises its temperature, and causes it to glow more 
brightly. The greater amount of firedamp present, the greater the 
heat of combustion and the brighter the glow. It is possible that the 
trebled length of cap flame appearing in Prof. Young’s graph is due to 
the increase of sensible heat which is measured by the thermophile and 
the combustion of the molecules of gas which have never been in touch 
with the coil. The sensitiveness of the experimental apparatus is not 
equal to that of the tri-burner Ashworth lamp, or to the Pieler lamp 
using alcohol for the initial flame. The former lamp gives a 3-in. flame 
when 1 per cent, of gas is present; the Pieler lamp furnishes a flame over 
3 in. long with 1 per cent, gas, and over 5 in. long with 2 per cent, gas 
in the atmosphere. Since the platinum metals seem to have an affinity 
for hydrogen, the use of platinum sponge rather than platinum wire 
would increase the sensitiveness of the apparatus. 

James Ashworth* gives the following order of sensitiveness for the 
fluids used in safety lamps: 

1. Benzine, benzolene, colzalene, and naphtha. 

2. Petroleum and paraffin. 

3. Mixtures of vegetable or fish oils with petroleum. 

4. Vegetable and fish oils. 

As a broad rule, the nearer a substance is to the gaseous condition, 
the higher the temperature to which it must be exposed before kindling. 
Ignition temperatures of some oils are: petroleum, 380° C.; gas oil, 350° C.; 
benzine, 415° C.; benzole, 520° C.; tar oil, 580° C. (The latter is pre- 
sumed to be the drip oil from illuminating gas.) 

In the same article, Ashworth demonstrated that the larger the lamp 
flame the longer would be the cap for a given percentage of gas and al§o 
that the larger the lamp flame, the more heat is produced. The difference 
in the heat of the testing flame is shown in three separate sets of caps in 
a height of 3 in. This was accomplished by altering the height of the 
flame in an Ashworth-Clowes hydrogen-gas testing lamp, and thus chang- 
ing the temperature at the source of ignition. 

H. G. Davis,* Wilkes-Barre, Pa. (written discussion f). — The only 
practical method of testing mine air for gas, until recent years, was by 
the effect of the gas on the flame of the ordinary Davy Lamp, and it is 
quite surprising how nearly the correct percentage of gas can be deter- 
mined by many men by observing "the behavior of the safety-lamp flame 

» Iron & Cod Tr. Rev. (1900) 72, 293, 376. 

"■ Ijehigh and Wilkea-Barre Coal Co. t Received Sept. 11, 1919. 
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in the different mixtures. Mine foremen frequently guess the percentage 
of gas to within 0.1 per cent., making certain allowances to cover the dust- 
laden atmosphere, in which the test was made. It is not meant by this 
that anthracite dust is explosive, but that its properties increase the 
length of a fuel cap on an ordinary oil-burning lamp, which, as Prof. 
Young contends, increases in height with the proportion of gas and in- 
creased temperature. 

Naphtha or benzine-burning lamps have a hotter flame, and, there- 
fore, are more sensitive so that a smaller percentage of gas can be detected. 
Some of the fire bosses in this region some years ago preferred the Koehler 
lamp, while others did not care to use it in their morning examinations. 

In 1911, when the experimental mine of the Bureau of Mines at Bruce- 
ton. Pa., was being prepared to be exploded, a large number of mining men 
went through it to examine the entries, which were lighted by electricity. 
While so doing, they saw in the face-return-airway a Koehler or Wolfe 
lamp, that seemed to be burning with difliculty. An investigation 
showed that the lamp had been filled to overflowing with naphtha 
and was generating this surplus gas. This shows how easily we can be 
deceived so that it is more difiicult to decide by observation the per- 
centage of gas contained in the atmosphere by the length of a cap of a 
naphtha-burning lamp, than of the cap of an ordinary oil-burning lamp. 

Professor Young states that the object of his experiment was not to 
find the exact height of a cap given with a certain percentage of gas at a 
given temperature of the coil. He also states that with a gas mixture 
equivalent to 4 per cent, methane no cap was observed at 660° C., but that 
a cap of about in. was observed with a 4 per cent, mixture at a tem- 
perature of 662° C. To the practical miner, this means little, as the only 
method of detecting gas at his command is the flame of the safety lamp, 
which provides the necessary temperature at all times. 

It is interesting, however, to learn from the experiments conductiKl 
by Prof. Young that if the temperature of gaseous mines can bo kept down 
the danger from gas explosions is somewhat decreased: the one practical 
way of keeping down this temperature is by keeping the mine well sup- 
plied with an adequate quantity of good fresh air. 

The United States Bureau of Mines some time ago prepared a chart 
on the properties of gases, from which the following is (luotod. 


Cap, in Incses Percbntaoe 


0.20 1.6 

0.15 2.0 

0.35 2.6 


. Cap, in Incukb I’ihiobntaob 


0.47 3.0 

0.75 3.6 

1.16 4.0 


I readily agree with Prof. Young that to determine the heights of gas 
caps with any degree of accuracy is, indeed, a rather difficult problem, 
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especially if there is any velocity or movement of the ventilating current. 
It never occurred to me that temperature was such an important factor 
in the composition of our mine gases; this, however, is very satisfactorily 
demonstrated by the paper. 

While the writer was superintendent of the D. L. & W. mines, a 
miner left an ordinary Davy lamp in the face of a gaseous place and, 
later, on returning to the place, found the burning lamp filled with gas 
and red hot. He at once ran out of the place and sent word to the surface, 
as he was on the night shift. The writer and the mine foreman were 
notified and hurried to the mine expecting to find the place blown up. 
Entering the mine we advanced very cautiously until we reached a point 
from which the lamp could be observed. We had been told that the 
’16-ft. canvas in the face had fallen and that a considerable amount of gas 
had accumulated. This we later found was not true. After a thorough 
study of the situation, it was suggested that a wet feed bag be wrapped 
around the burning lamp, which could then be removed to the mouth of 
the gangway. This was successfully accomplished. When the burlap, 
which was steaming hot, was unwrapped, it was found that the gauze had 
been burnt so that when touched it fell to dust: very much like that of a 
gas mantle. 

A fire boss in one of the mines of this region had a similar experience. 
A miner, whose place was only a short distance from the gangway road, 
forgot to take down his safety lamp when leaving for home and the driver, 
after passing through the canvas with the gangway car, forgot to replace 
the same, with the result that gas quickly gathered near the lamp, which, 
strange to say, burned until found by the fire boss when he made his 
morning round. After a study of the situation, he climbed the pitch 
until he could roach the lamp with his polo, when he carefully removed it. 
The gauze in this lamp also was found to have been burnt to a white ash. 

These cases arc cited to show that a safety-lamp gauze will not nec- 
essarily pass the flame and ignite the surrounding gas, as we have always 
been taught. I will admit, however, that these cases are not common. 
The movement of the lamps themselves, or the .surrounding atmosphere 
would, no doubt, result in passing the flame. 

jAum Ashwoiith, Livingstone, Alberta, Can. (written discussion*). — 
About the year 1878, the writer commenced to experiment on safety 
lamps, the results of which will be found in the Transactions of the North 
of England Institute of Mining and Mechanical Engineers 1879-1880, 
the Transactions of the Manchester Geological and Mining Society, and 
in the technical press. He has also made a careful investigation of the 
flame caps produced by chemically prepared methane when mixed with 
air in accurately measured percentages. Before the conclusion of these 
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experiments he personally fitted the hydrogen gas test to a special pat- 
tern of the Ashworth-Gray patent safety lamp. 

Later, as pure hydrogen gas was not always available, the writer 
constructed a safety lamp that would separately burn oil and alcohol; 
and still later, a somewhat similar lamp to bum alcohol only for specially 
testing low percentages of methane. This lamp was known as the Ash- 
worth alcohol safety lamp. 

The Ashworth alcohol lamp, having a conical glass 4 in. high, gives 
just room enough for the cap from 1 per cent, of methane, which is 3 in. 
high above the cone over the wick flame. The cap for per cent, of 
methane is 1^ in. high, and for per cent. high. Each of 

these caps is well defined. 

The sketch of the apparatus used by Mr. Young does not show that 
he adopted any means to bring the methane mixture into close contact 
with his eight coils of platinum wire. It would, therefore, appear to the 
writer that in this respect his tests were not as accurate as they might 
have been and that this fact will account for the non-uniformity in 
the height of the caps produced. Those who are acqumnted with the 
caps produced by the Ashworth-Clowes hydrogen flame know that the 
tips of the flame caps are very' distinct and that the tips of the caps form 
a straight and not a curved line, due to the increasing percentages of 
methane. This is, in either case, due to the increase in the temperature 
of the methane flame resulting from the increase in the volume of com- 
bustible gas. 

In the Ashworth-Clowes, hydrogen, gas-testing, safety lamp the in- 
fluence of the temperature of the testing flame is made use of by making 
two scales of flame caps. The flame for testing percentages above I per 
cent, may be made with a 10-mm. hydrogen flame cap and those under 1 
per cent, with a flame 16 mm. high; in this way the cap produced by 

per cent, of methane can be easily seen. 

Mr. Young states that he "knows of no previous attempt to correlate 
the changes of the temperature with change of the height of the cap pro- 
duced." In this regard it is evident that the use of two or more heights 
of the hydrogen flame in the Ashworth-Clowes lamp effects this in a 
simple and practical way, but without registering the actual heat of the 
flame; although the heat of each size of flame may become a standard 
one, and in practice is so. The writer regrets that he cannot see the 
novelty claimed by Mr. Young; viz., that he has discovered that there 
is a fairly definite relation between the temperature of the source of igni- 
tion and the height of the cap formed in a mixture of a combustible gas 
and air, the height of the cap increasing with the temperature. In this 
regard the height of the 10-mm. hydrogen flame, say, for 1 per cent, of 
methane with the height of the cap produced by a 15-mm. flame may bo 
compared. 
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If Mr, Young were*to use a conical glass, blackened (smoked) over 
its inner surface behind the testing flame, and with a chimney a few inches 
high on the top of it, he would find the tip of his flame. caps sharply 
defined and easy to measure. All safety lamps used by fire-bosses are 
greatly improved in their firedamp indications if, say, one-third of the 
inner surface of the glass part is either colored a dead black, or is smoked 
so as to deaden the reflection on the usual bright surface. 
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Engineering Features of Modern Large Coal Mines in Illinois and Indiana 

BY C. A. HERBERT,* B. M., VUSTCENl^ES, IND., AND C. M. YOUNG, fE. M., URBANA, ILL. 

(Chicago Meeting, September, 1919) 

Within the past few years, considerable development has been made 
in the coal-mining industry in Illinois and Indiana and it is the purpose 
of the authors to record its most important phases. Perhaps the two 
most striking features are the entry into the producing fields of certain 
large consumers of coal and the magnitude of some of the new operations. 
Mines are now being equipped by the Chicago & Northwestern R. R., 
the Chicago, Burlington & Quincy R. R., the Standard Oil Co., of Indiana, 
and the Union Electric Light & Power Co. of St. Louis. Besides, the 
U. S. Steel Corpn. has increased its coal-mining activities by commencing 
operations on its large holdings northeast of Benton, Franklin Co., 111. 

Until recent years, the supply of coal has commonly been adequate 
and prices have generally been favorable, especially to large consumers, 
as the magnitude of their purchases enabled them to obtain satisfac- 
tory quotations from producers. In fact, most consumers of coal have 
believed that they could buy their fuel more satisfactorily in the open 
market than they could produce it themselves. The entry of the United 
States into the war was accompanied by various disarrangements of 
industrial conditions, and a' demand for coal in excess of the supply 
seemed likely to be experienced for an indefinite period. Under these 
circumstances it seemed that the greatest assurance of a supply of fuel 
was its production by the operation of mines. In the case of the 
Chicago. & Northwestern R. R. and the U. S. Steel Corpn. the produc- 
tion of coal has been carried on for many years with satisfactory results, 
but the C. B. & Q. R. R., the Union Electric Light & Power Co. and 
the Standard Oil Co. of Indiana had not been producers of coal, at 
least in this district. 

Apparently the most impressive feature of the newest mines is 
their capacity, for in some cases it is planned that production shall bo 
in the neighborhood of 1000 tons per hr. There are mines now in 
this field having nearly that output, but these were not planned for such 
output; in fact, when the shafts were sunk and the machinery installed 
it was generally supposed that the daily outputs would bo only in 
the neighborhood of 4000 to 5000 tons. Incidentally, there has risen 
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an interesting rivalry among some of the mines of large output. For a 
few years, the record for a day’s output from a shaft mine in the bitumin- 
ous-coal districts of the United States, and probably in the world, was 
held alternately by the No. 3 mine of the Superior Coal Co., at Gillespie, 
and the No. 1 mine of the New Staunton Coal Co. at Livingston. Subse- 
quently the contest passed to the south and the record was held alter- 
nately by the Orient mine of the Chicago, Wilmington & Franklin Coal 
Co. at Orient, 111., and the No. 1 mine of the American Coal Mining Co., 
at Bicknell, Ind. While the output of the latter mine is generally above 
5000 tons per day, the record for a day’s output is now held by the former 
mine, at which there was hoisted, on Mar. 6, 1919, 6776.75 tons in 1501 
hoists. 

Mines Consideeed 

No attempt has been made to chronicle any but the most important 
phases of recent- events. Many new mines have been sunk and equipped 
in the past few years but these have not been discussed unless some new 
features of engineering practice were involved. Six mines have been 
selected as exhibiting the most striking recent developments. There 
is also given a short discussion of the safety work of the Old Ben 
Coal Corpn. The six selected mines are the No. 2 mine of the Standaz'd 
Oil Co., the No. 4 mine of the Superior Coal Co., the Kathleen mine of 
the Union Colliery Co., the No. 2 mine of the Bell & Zoller Mining Co., 
the Valier mine of the Valier Coal Co., and the No. 2 mine of the 
American Coal Mining Co. Those mines are located as follows: 

Standard Oil Co. of Indiana, Mine No. 2, at Schoper, 8 mi. northeast 
of Cavlinville, Macoupin Co., 111.; Superior No. 4, 7 mi. southwest of 
Gillespie, Macoupin Co., 111.; Kathleen mine of the Union Colliery Co., 
5 mi. south of DuQuoin, Perry Co., 111.; Bell & Zoller No. 2, 13^ mi. 
southwest of Zeigler, Franklin Co., 111.; Valier mine of the Valier Coal 
Co., 3 mi. north of Christopher, Franklin Co., 111.; No. 2 mine of the Ameri- 
can Coal Mining Co., 2}i mi. southeast of Bicknell, Ind. 

The mines arc the property of companies unrelated to .each other. 
In each case the plans have been made by engineers of experience in coal 
mining and of perfect familiarity with the conditions to be met. These 
mines, therefore, oznbody the best knowledge and experience obtainable 
and represent the highest typo of coal mine engineering in the district 
at the present time. 

The Standard Oil Co. of Indiana is a new operator. To provide 
fuel for its refineries at Wood Kiver, Kansas City, and Whiting, which 
togei^or consume about 7000 tons of coal every day of the year, the 
company purchased the old mine of the Carlinville Coal Co. at Carlin- 
villo, with about 2300 acres of coal lands, and also about 22,000 acres of 
undeveloped coal lands lying to the north and east of Carlinville. 
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The Superior Coal Co. is a subsidiary company of the Chicago & 
Northwestern Railroad. It first entered the Illinois coal fields about 
14 years ago and already had three mines in operation near Gillespie, the 
combined output being about 12,000 tons a day. The coal rights of the 
company include nearly 45,000 acres in the Gillespie field. 

The Union CoUiery Co. is a subsidiary company of the Union Electric 
Light & Power Co. of St. Louis, which in turn is a subsidiary company 
of the North American Co. The latter company is already interested in 
coal mining in Ohio and Kentucky. Coal from the Kathleen mine will 
be supplied to power plants in St. Louis and Milwaukee and to the open 
market. 

The Bell & ZoUer Mining Co. is a producer and marketer of coal 
for steam and domestic use. The company has mines at Centralia and 
Zeigler, the latter mine being the largest and best known. 

The Valier Coal Co. is a subsidiary company of the Chicago, Burling- 
ton & Quincy R. R. and its coal will go entirely to that road. 

The American Coal Mining Co. of Indiana is, like the Bell & Zoller 
Mining Co., a producer and marketer of coal for steam and domestic use. 
It already owns and operates its No. 1 mine which is one of the most 
productive mines in the bituminous-coal fields of the country. 


Table 1. — Data of Mines Discussed 
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Thickness ! 
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Hoisting 
Shaft, in 

sions of 
Air Shaft, 
in Feet 

1 


Tons 


Feet 
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Standard Oil Co. of Indiana. . 

No. 2 
(Schoper) 

7000 

j 

6 to 8 

317 

7 by 17 

14 by 31 

11 by 17 

Superior Coal Go 

No. 4 

7000 

average 

313 

11 by 21 j 


7H 


Union Colliery Co, 

Kathleen 

7000 to 

average 

261 

11 by 10 

12^5 by 


8000 

8^ 


20H 

Bell & Zoller Mining Co 

No. 2 

0000 

1 average 

310 

12 by 21^ 

im by 




nearly 11 



2m 

Valier Coal Co 

Valier 

7000 to 

9J4 to 121^ 

606 

11 by 18M» 

13 by 30 

1 


8000 


American Coal Mining Co.. . . 

No. 2 

7000 

average 

248 

12 by 20 

12 by 18 





1 

1 



Coal 

In the case of each of the Illinois mines considered, the coal developed 
is the well-known No. 6, which is the principal coal worked south of 
Springfield. The characteristics of this coal are not the same at all of 
the mines considered. 

The two mines lying farthest north, Standard Oil No. 2 and Superioi- 
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No. 4, are in coal that, at the former, varies from 6 to 8 ft. in thickness 
and at the latter averages 7 ft. id. with about the same limits. In 
this northern part of the district, the coal is nearly horizontal and there 
is no reason for anticipating serious trouble from grades, as the mines 
already developed have not encountered serious trouble from this cause. 
As far as the experience in the district indicates, there will be no trouble 
from gas, at least at the Standard mine, but the Superior No. 4 approaches 
so close to the Staunton natural-gas field that inconvenience from gas is 
possible. The roof conditions in this district are, in general, very good 
and it is the practice of the Superior Coal Co. to drive its entries and cross- 
cuts 21 ft. (6.4 m.) wide in order to avoid payment for narrow work. In 
some cases this is not possible and the present development of the No. 4 
mine indicates that the entries in part of the mine cannot be made more 
than from 15 to 18 ft. wide. 

The Kathleen mine is situated near the bottom of the monoclinal 
fold, commonly known as the DuQuoin anticline, which passes a little 
east of north across the eastern side of Perry County. The shaft of the 
Security mine on the west side of the fold is 90 ft. (27 m.) deep, while 
those of the Paradise and Majestic mines on thg east side are respectively 
365 and 409 ft. (Ill and 124 m.). Heretofore operations on the steep 
part of the slope have been avoided, though there have been some small 
workings. 

After considerable exploratory work the Union Colliery Co. decided 
to develop a property so situated that about one-third of the coal will 
be taken from the plateau on the west side of the fold, where the depth is 
about 90 ft., about one-third from the slope of the fold, and about' one- 
third from the oast side whore the average depth is about 250 ft. (76 m.). 
With such a topography of the coal bed, the location of the shaft required 
careful consideration. Since the coal east of the steepest part of the 
fold continues to dip slightly to the east, the only position of the shaft 
that would have allowed a general down-grade from west to east would 
have been on or near the east boundry of the plot. This, however, 
would have required the development of a one-sided mine and the surface 
conditions would have been unfavorable. Study of conditions led to the 
location of the shaft as far down the slope of the monocline as the surface 
conditions would permit. Development underground 'has shown that 
the bottom of the monocline was not reached but that the steep grade, 
approximately 6 per cent., extends for a short distance to the east 
of the shaft. The larger part of the coal will travel down grade but 
some will have to bo hauled up an adverse grade. The grade on this 
monocline has been found to average from 5.2 to 5.3 per cent, but is not 
constant, appearing rather as a series of steps in which flatter and steeper 
parts alternate. It will be necessary to use mechanical means to control 
the movement of the oars approaching the shaft when uncoupled from the 
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locomotive. The average thickness of all sections of the coal thus far 
made at the Kathleen mine is 8 ft. 3^4 in- (2-5 m.), the thickest coal being 
on the eastern side of the monocline. It is not expected that much water 
will be encountered as the other mines in the vicinity have no trouble, 
at least unless the roof is broken by the removal of coal. Little trouble 
from gas has been experienced in the neighboring mines. 

In the case of the Bell & Zoller mine No. 2, the No. 6 coal is reached 
a httle south of the famous Zeigler mine, which was the first opened in 
Franklin County and the one in which the thickest coal is found. It is 
now thought that the coal in the No. 2 mine will not have as great an 
average thickness as that at Zeigler, where it is close to 11 ft. (3.3 m.) 
and where as much as 15 ft. is found in places and the average thickness 
taken out is about 8J^ ft. The coal at the. new mine will, however, be 
thicker than most of the other coal of Illinois and a thickness of 8 }^ ft. 
can be mined as at Zeigler. The depth at the Bell & Zoller mine No. 2 
is 310 ft. (94 m.) and the dip to the north is indicated by a depth of 450 
ft. (137 m.) at the Zeigler mine of the same company about 2 mi. north of 
No. 2. 

At the Valier mine, the depth to the bottom of the coal in the main 
shaft is 605 ft. (184 m.), this being one of the deep mines in the state. 
The shaft was located with an idea of avoiding an unusually thick layer 
of water-bearing material. Success was attained in this respect but the 
topography of the coal bed at the shaft bottom was found to be somewhat 
rough and considerable grading will be necessary. The thickness of the 
coal is somewhat variable, ranging from 9 ft. 6 in. to 12 ft. 2 in. (2.8 to 
3.7 ni.) so far as known. It is expected that a thickness of 8)4 ft. (2.5 m.) 
will be taken out in the rooms. The mine gives off considerable gas, as 
do all of the mines in this part of the district. Electric lamps are used 
exclusively. 

The coal being developed at the American No. 2 is the No. 5 bed of 
the Indiana series. The coal varies considerably in thickness in various 
parts of the field, averaging about 6)^ ft. (1.9 m.) at the No. 2 mine. The 
coal bed lies generally horizontal, but some trouble is experienced from 
local hills and swamps. The coal contains many impurities and is not 
well suited to domestic purposes; it is a most excellent steam coal and 
for this purpose' finds its most ready market. The No. 5 bod has little or 
no water and has an excellent roof, but gives off largo quantities of 
methane. 

Shafts 

The high yield of coal planned for these mines has necessitated the 
sinking of shafts not only large enough to accommodate the necessary 
hoisting but to transmit the large volumes of air required for ventilation 
when the mines become fully developed. At the Standard mine, the 
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main shaft is 7 by 17 ft. (2 by 5 m.) inside and 317 ft. (96 m.) deep. The 
lining is 3 by 10 in. (7.6 by 25 cm.) timber laid flat above the solid rock, 
and 3 by 5 in. timber laid flat through all the rock, nailed with very heavy 
spikes. The lining inside the timber wiU be of reinforced concrete 17 
in. thick from top to bottom. 

At all of the mines the concrete was mixed on the surface and lowered 
through pipes to the bottom, and in all cases, but one, the concreting was 
done from the bottom upward. At the Standard, the concrete was dis- 
tributed from the bottom of the pipe to the periphery of the shaft through 
a flexible pipe similar to those used for handling grain, while at the Valier 
mine a rubber hose was used. At the Kathleen mine the concrete was 
lowered through a 6-in. (15-cm.) flanged-joint pipe and discharged into 
a metal telegraph, or baffle, to which was attached a flexible metallic 
elbow from which the concrete was carried to the forms through wooden 
chutes. At the Superior No. 4, wooden chutes, floored with metal under 
the pipe, were used for distributing the concrete. 

Various kinds of shaft forms .were used at these mines. Those at 
the Standard consisted of planks laid on edge and bound by corner pieces 
devised by the engineers for this work. The buntons are of concrete, 
poured in position as the lining was brought up. The forms for the lining 
at the Superior No. 4 were made of planks set on end and held by hori- 
zontal strips of 2 by 6-in. timber (5 by 15-cm.) bolted together at the 
comers. A joint in the middle of each timber permitted the form to 
fold in at the middle when the braces were removed. At the Kathleen 
mine, the forms were made of 2 by 8 shiplap fastened vertically to hori- 
zontal studdings hold in place by.a framework of 3 by 3-in. angle irons 
bolted at the corners and braced by easily removable 4 by 4-in. buntons. 
Five or six sots of forms were kept in use, the lower sets being removed 
and used at the top after each pouring. 

The air shaft of the Standard No. 2 is probably the largest shaft in 
cross-sectional area in the coal fields of the United States, being 19 by 
36 ft. (5.7 by 10.9 m.) outside dimensions at the surface, and 14 by 31 ft. 
(4.2 by 9.4 m.) inside. It is also timbered in the same way as the main 
shaft and is lined in the same way. This shaft has four compartments: 
air, stairway, main cage, and counterweight. 

The use of a counterweight cage in the airshaft has been adopted at 
two of the Illinois mines considered — Standard and Valier. In each case 
the main cage is large, that of the Standard being of suflSlcient size to 
accommodate a 16-ton locomotive without disassembling, and the one 
at Valier being of approximately the same size. In each of these eases the 
counterweight cage is small’and has two docks; the number of men hoisted 
on the two cages will be the same. At the Valier mine 30 men will be 
hoisted per trip, while the main cage at Standard No. 2 will accommodate 
45 men, allowing over 2 sq. ft. of area per man, though the number hoisted 
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per trip will probably be less. In each case counterweight cars will 
be used on the small cage when heavy loads are handled on the 
main cage. , 

At the Superior No. 4, the main shaft is 313 ft. (95 m.) deep and is 11 by 
21 ft. (3.3 by 6.4 m.) inside. The lining is of reinforced concrete 2^ ft. 
(0.75 m.) thick for 100 ft. (30 m.) and from 15 to 18 in. (38 to 45 cm.) 
t.hinir for the remainder of the way. The bimtons are 8-in. (20-cm.) 
I-beams riveted to 30 ft. (9 m.) lengths of channel iron. _ These were 
fabricated on the surface and lowered into slots left in the linmg to receive 
them, later being wedged into alinement and anchored with concrete. 
At this mine 65-lb. (29 kg.) railroad rails are used for guides. The air 
shaft is 11 by 17 ft. (3.3. by 8.2 m.) inside with the same lining as the 
shaft. This shaft has only two compartments, airway and stairwy , 
separated by a solid 12-in. reinforced-concrete partition. No hoisting 
is done at the air shaft. The stairway at this shaft is different fi om any 
other in the state. The landings, of concrete reinforced with triangular 
wire mesh, were cast in place as the lining was cast. The stringers and 
treads, also of reinforced concrete, were cast on the surface and lowered 
into position; the stringers were put into place and the treads slipped 
into notches left for them. Both shafts were concreted in sections as the 
sinking progressed. At the bottom of the air shaft is a deflector of con- 
crete so curved as to direct the air in both directions along the airway 
with the least eddying. 

At the Kathleen mine, the main shaft is 261 ft. .(79.5 m.) deep to 
the bottom of the coal and is 11 by 19 ft. 11 in. (3.3. by 5.9 m.) inside. 
The lining is of concrete approximately 1 ft. thick. The buntons are 
of 6-in. (15-cm.) 23.8-lb. (10.5-kg.) H-beams sot on 5-ft. centers. Guides 
are 85-lb. (38-kg.) steel rails. The air shaft is 230 ft. deep, 12^ hy 
26H ft. inside, and the lining like that of the main shaft is 12-in. rein- 
forced concrete. Both shafts were temporarily lined with 3 by 12-in. 
pine curbing. The shaft is divided into four compartments— hoisting 
compartment 9 by 12>^ ft., counterweight compartment 3 by 12K ft-, 
stairway compartment 4 by 12H ft-, and air compartment 8 by 12^ ft- 
The air compartment is separated from the remainder of the shaft by a 
12-m. reinforced-concrete partition. In this mine only one cage is used, 
but this has two decks each of which will accommodate 25 men. The 
counterweight is of concrete with a scrap-iron aggregate. The buntons in 
the air shaft are 9-in., 21-lb. I-beams. The hoisting capacity of the air 
shaft is about 800 tons of coal in 8 hours. 

At the Bell and ZoUer mine No. 2, the hoisting shaft is 12 by 21 ft. 
8 in. (5.4 by 9.9 m.) inside. The lining is a wooden cribbing of 6 by 12-in. 
(15 by 30-cm.) timber laid on the sides for a depth of 60 ft. (18 m.) and 
on edge for the remainder of the depth. The upper 60 ft. has a lining 
of 6 in. of reinforced concrete and the remainder has 2 in, of gunite with 
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wire-mesh reinforcement. There are thi’ee rows of 6 by 12-in. wooden 
buntons with 8 by 10-in. yellow-pine guides. The air shaft is 12 ft. 2 in. 
by 22 ft. 10 in. and is divided into three compartments, a stairway 3 ft. 

2 in. by 12 ft. 2 in. an air compartment 10 ft. 7 in. by 12 ft. 2 in. and a 
cage compartment 8 ft. 1 in. by 12 ft. 2 in. The partition between the 
air and hoisting compartments will consist of 6 in. of gunite and the 
buntons in both shafts will be coated with gunite to make them fireproof 
in compliance with the Illinois law. The counterweight for the air-shaft 
cage runs on wire-rope guides in the air compartment. 

At the Valier naine, the main shaft is 606 ft. (184 m.) deep to the bot- 
tom of the coal with a 52-ft. (15.8-m.) sump below this. The inside 
dimensions are 11 by 18 ft. 1 in. (3.3 by 5.5 m.). The lining down to the 
rock, a depth of 30 ft. (9 m.) is 24 in. (61 cm.) of reinforced concrete and 
for the remainder of the way is from 12 to 16 in. thick. The reinforcing 
consists of %-in. (19-mm.) bars set on 6-in. (15-cm.) centers vertically 
and 1-ft. (30-cm.) centers horizontally. The concrete mixture was 1 to 4. 
The buntons are reinforced concrete cast on the surface and lowered into 
place and anchored with concrete. The air shaft is 13 by 30 ft. (3.9 by 
9 m.) inside and has a lining similar to that of the main shaft. This 
shaft has four compartments — airway 9 ft. 9 in. by 13 ft., stairway 4 ft. 

3 in. by 13 ft., cage-way 8 ft. 4 in. by 13 ft., and counterweight compart- 
ment 4 ft. 4 in. by 13 ft. The air compartment is separated from the 
other compartments by 12 in. of reinforced concrete. The guides are 
8 by 10 in. wood. The excavation for the air shaft amounted to 12,000 
cubic yards. 

The American No. 2 hoisting shaft is 12 by 20 ft. (3.6 by 6 m.) inside 
dimensions and is 248 ft. (75.5 m.) in depth. From the surface to the rock, 
a distance of 52 ft. (15.8 m.), it is lined with reinforced concrete, the bal- 
ance of the distance with 4 by 10-in. (10 by 25-cm.) yellow pine placed on 
edge. There are three rows of buntons; steel I-beams through the con- 
crete, and below this 6 by 10 in. wood. The guides are 6 by 10-in. yellow 
pine. The air shaft is 12 by 18 ft. (3.6 by 5.4 m.) inside dimensions, with 
two compartments, air and cage. The counterweight for the cage runs 
in guides in the air compartment and is made up of sections or blocks of 
cast iron so designed that it may be made heavier or lighter by the addi- 
tion or removal of these sections. The lining of the air shaft is similar to 
that of the hoisting shaft. 

Hoisting 

In the mines developed according to the common practice of the 
present day in this district, the output is limited, first, by the capacity of 
the shaft or tipple and, second, by the layout of the underground workings. 
Both of these features have been given careM attention in the new devel- 
opments under consideration. 
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Two lines have been followed in the increase of the hoisting capacity 
of the shafts. In three of the mines considered, capacity is being in- 
creased by the use of large mine cars and of hoisting appliances adequate 
to handle these cars, whereby the number of hoists necessary for large 
output is decreased somewhat by increasing the amount of coal hoisted 
at each trip. In the case of the other mines the coal is hoisted in skips. 
As the skips hold about two mine-car loads of coal the hoisting speed can 
be reduced by about one-half. 



Another very considerable advantage of hoistipg in ski})s is the fa(‘.t 
that tight cars can be used. A large part of the trouble encountered in 
handling coal in cars is due to the end doors necessary when the car is 
hoisted in a self-dumping cage. Moreover, such cars a.rc always rtiorc or 
less leaky and a considerable amount of coal is scattered along the haula,g('. 
roads, where part of it is ground into dust, part of which is suspended in 
the air and part deposited on the ribs, adding considerably to the chance 
of explosion. 

The principal advantage of hoisting in cars is that the product of eacli 
miner is kept separate from that of other miners until it has reached 
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the surface where it can be inspected for impurities. When coal is 
dumped from the mine cars into skips at the bottom of the shaft, this 
last advantage is sacrificed to the advantages of lower hoisting speed and 
smaller number of hoists per minute. It is this advantage of hoisting in 
cars which has determined the retention of this system in the three promi- 
nent cases mentioned. 

At three of the mines, the Superior No. 4, the Bell & Zoller No. 2, 
and the American No. 2, the old method of hoisting coal in end-dump 
cars on self-dumping cages is followed, while at the other mines the coal 
is hoisted in skips. The No. 1, or Zeigler, mine of the Bell Zoller 
Mining Co., is equipped with skips, but these were installed by the prede- 
cessors of the present operating company before this method of hoisting 
coal had reached its present development. This company has not 
adopted skips in the new mine. 

Apparently there are no new developments as far as the use of cages 
is concerned, except in connection with the size of cars, which, at all 
three mines where cages are used, hold approximately 5 tons. No new 
arrangements were required at the shaft bottoms in connection with these, 
though all have been planned to make the rapid movement of cars easy. 
Where skips are used the main shaft is set at the side of the entry. In 
all cases the cars are handled in rotary dumps, the coal going into a 
chute from which it passes either directly into the skip or into a hopper. 
The former arrangement is used at the Kathleen and Valier mines, see 
Fig. 1. In each of these cases two car's are to be dumped at the same 
time and the trip is to be passed through the rotary dump without 
uncoupling. In each case the chute branches and coal is directed to the 
proper side by a vane. 

At the 'Valier mine, all operations in connection with dumping and 
hoisting will be performed by one man at the bottom. The position of 
the vane in the chute and of the skips will be indicated by lights. The 
bottom man, observing which skip is at the bottom, will direct the vane 
into the proper position to discharge coal into the skip. These positions 
are indicated by the simultaneous lighting of two lamps in the same 
column. The rotary dump is then operated and the hoist started. The 
operation of the hoist is to be entirely automatic, only the starting being 
performed by the bottom man. 

At the Standard No. 2, two rotary dumps are set side by side, see 
Fig. 2. From the oars, the coal goes into a hopper of, approximately, 
40 tons capacity and cars can be dumped without regard to the position 
of the skip. In this case the cars are uncoupled and dumped singly. 
From this storage hopper the coal will go to a measuring hopper holding 
one skip load of about 12 tons, then into the skip, as soon as the latter 
arrives at the shaft bottom. As the empty skip descends, it will close 
the discharge gate of the storage hopper and open that of the measuring 
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hopper. As it ascends it will close the gate of the measuring hopper and 
open that of the storage hopper. The chute from the storage hopper 
is self -sealing, the gate being used only to prevent coal from passing into 



the measuring hopper during the loading of the skip. The amount dis- 
charged into this hopper can be somewhat varied by raising and lowering 
a dam in the upper part of the hopper, in this way changing the point at 
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which the aceumulation of coal seals the chute. The breakage resulting 
frona this method of loading is not objectionable as all coal from this mine 
is to be crushed. 

At the Kathleen and Valier mines the skips have curved bottoms, 
while at the Standard No. 2 the bottoms are square. 

Various means have been adopted for cleaning the sumps. At the 
Valier mine an extra compartment is excavated at the side of the shaft 
to the depth of'about 10 ft. (3 m.) below the shaft bottom. An elevator 
in this compartment will raise the spilled coal and load it into cars. 

At the Standard No. 2, it is thought that the method of handling coal 
from the hoppers will largely prevent the spilhng of coal into the sump 
and that little besides dust will accumulate. For the removal of this 
material a square box is fitted in the sump. When this is full it will be 
attached to the bottom of the skip and raised high enough to be dumped 
into one of the hoppers. 

At the two Illinois mines at which coal is to be hoisted in cars, steam- 
hoisting engines will be used, while an electric hoist will be used at the 
Indiana mine. These engines have cylinders 28 by 42 in. (71 by 106 cm.) 
and 8-ft. cylindrical drums. The hoisting equipments of these two 
mines are nearly the same, as are the depths of the shafts and the loads 
to be raised. 

At the other three Illinois mines, electric hoists will be used. The 
load is about 9 tons at the Kathleen and Valier and about 12 tons at the 
Standard. The most important difference in conditions is the depth of 
the mines, the Valier shaft being 606 ft. (184 m.) deep, while the Standard 
No. 2 is 317 ft. (96 m.), and the Kathleen 261 ft. (79 m.). These depths 
are from the shaft collar to the bottom of the coal and approximately 
100 ft. (30 m.) will be added in each case by the depth of sump and height 
to dump circle. 

The air-shaft hoist at the Standard No. 2 will run at a rope speed of 
600 ft. (182 m.) per min. and the main shaft hoist at 900 ft. per min. 
The hoisting cycle at the main shaft wall be 48 sec. and it is expected that 
the average amount of coal hoisted will be 20 tons per minute. At this 
mine, the hoists at both main and air shafts are geared hoists operated 
by alternating-current slip-ring motors with liquid-rheostat control on 
the secondary. These motors will run on 2200-volt current. The main- 
hoist motor is 900 hp. and the air-shaft motor 250 hp. 

At the Valier mine, the maximum rope speed qf the air-shaft hoist 
will be about 700 ft, (213 m.) per na^n., and that of the main hoist about 
1600 ft. (487 m.) per min. The hoisting cycle at the main shaft will be 
35 sec. for starting, accelerating, hoisting, and stopping, and 8 sec. for 
loading. 

The main hoist at the American No. 2 has a 7 to 10-ft. (2 to 3-m.) 
combined cylindrical and conical drum, directly connected to an 800- 
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hp., 500- volt, direct-current motor that receives its current from a 
flywheel motor-generator set operated by a 500-hp., 2200-volt, motor, 
driving a 750-kw., 500-volt direct-current generator. It is expected 
to make four hoists per minute. In addition to the 800-hp., direct- 
current motor, the drum is connected at the opposite end through herring- 
bone gears and clutch to a 350-hp., 2200-volt, alternating-current motor, 
which will be used at night and on idle days to avoid the necessity of 
nging the flywheel set for intermittent operation. The air-shaft hoist 
is driven through clutch and gear by a 250-hp., 2200-volt, alternating- 
current motor at one end, and at the other by a double 10 by 12 geared 
steam engine. Should the electric power fail, it will be possible to operate 
the air-shaft hoist by steam in order to take the men out of the mine. 
The fan, which is ordinarily motor driven, is also equipped with an aux- 
iliary stearn engine to be used in case of failure in electric power. Steam 
for these auxiliaries and for heating the surface buildings will be fur- 
nished by a 150-hp. boiler. 

At the Kathleen mine, the combined cylindrical and conical drum is 
driven through a Francke flexible coupling by a 600-kw., direct-current 
motor, with full voltage speed of 235 r.p.m. Current wUl be supplied 
to this hoist motor at 600 volt by a flywheel motor-generator set having 
a 500-hp., alternating-current induction motor, taking current at 2200 
volt and running at 900 r.p.m. The direct-current 500-kw. generator 
is separately excited. The flywheel weighs 20,000 lb. (9071 kg.). This 
set is equipped with a speed-limit switch. The hoist is equipped with 
air-operated brake, a Royer & Zweibel over-winding device and mechan- 
ical slow-down. The air-shaft hoist is operated by a geared slip-ring 
induction motor operating on 2200-volt, 60-cyele, three-phase current, 
and having Cutler-Hammer reversible magnetic control. 

At the Vaher mine, the main hoist will be driven by a direct-con- 
nected, direct-current motor of 1350 hp. A cylindrical drum is used, 
9 ft. (2.7 m.) in diameter, and the fuU speed will be 55 r.p.m., giving a 
rope speed of approximately 1600 ft. per min. Current will be supplied 
by a motor-generator set having an 1100-hp. motor and a generator 
capacity of 1000 kw. with voltage of 0 to 600. This set wiU run at 720 
r.p.m. The flywheel weighs. 33,000 lb. (14,949 kg.). The air-shaft hoist 
will be operated by a geared alternating-current motor. 


Tipples 

The construction of the tipples shows only one striking novelty, the 
concrete air-shaft tipple of the Kathleen mine, shown in Fig. 3. The 
use of concrete for the construction of tipples is not in itself a novelty, as 
it has been used in some other districts. In this case concrete was 
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adopted; not because a concrete structure was desired, but because at the 
time of designing it was doubtful whether steel could be obtained. In 
spite of the fact that a portion of the concrete was poured when the ther- 
mometer registered about 20° below zero, the work is sound and the 
structure is peculiarly attractive. Moreover, it is perfectly rigid, no 
vibration whatever being felt when the hoist is running. The cost of 


Fio. 3. — CONCKBTE TIPPLE^ AT^ AIR SHAFT,^KaTHLEEN^MINE. 

the concrete tipple, as built, was about $6000 higher than the cost of 
the steel tipple originally intended. A considerable part of this excess 
was due to the expense of heating the materials and of pouring the con- 
crete during severely cold weather. At this mine and at the Valier, cars 
hoisted at the air-shaft will be dumped into Wood single-car rotary 
dumps. The main-shaft tipple of Superior No. 4 mine is shown in Fig, 4. 

Attention may also be drawn to the fact that of the mines mentioned, 
four have tipples of the three-leg type introduced by Allen & Gracia. 





Fig. 4. — Main SHAFT TIPPLE, SupERiOB ISIo. 4. 

Pbepakation 

The equipment for preparation at the six mines considered is designed 
to satisfy the needs of the different producers. 

Standard No, 2. — At the Standard No. 2 mine all coal is to be crushed 
to from 1J4 fo 13 ^ ill- (31.75 to 38 mm.) and the only screening equip- 
ment needed is that preceding the crusher for by-passing the small coal. 
The coal will go from the skips to a receiving bin from which it will pass 
over two parallel conveying and crushing equipments, each designed to 
handle 500 tons per hr. The coal passes from the receiving bin to two 
54-in. (137-cm.) feeder conveyors, from which it goes over sloping bar 
screens, the oversi^ie going to crushers from which it drops to conveyors, 
being joined there by the undersize of the screens. Two 60-in. apron 
conveyors elevate the coal to the middle of the line of loading bins, which 
are built in two lines over the two loading tracks and extend for a linear 
distance of 360 ft. Their capacity is 3500 tons. Each apron conveyor 
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Two of these have bar screens, and the other shaking screens. The 
tipple at the Bell & Zoller No. 2 was designed and built by the Wisconsin 
Bridge & Iron Co. The tipple at the Standard No. 2 mine was designed 
by R, W. Hunt & Co. 
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discharges onto a 72-in. flat-top conveyor, one running from the middle to 
each end of the line of bins. Adjustable scrapers are used to distribute 
the crushed coal into the bins, from which it will be discharged into the 
cars. 

Superior No. 4. — In point of simplicity of preparation equipment, the 
Superior No. 4 comes next. The preparation depends on the kind of 
coal demanded. When coal is being stored, all coal over 2 in. (6 cm.) or 
over 6 in. goes to storage. The material under 6 in. may be shipped as 
mine .run. The material under 2 in. goes to the washer. When coal is 
not being stored, it may be crushed to pass a 6-in. screen. The screening 
equipment is designed to meet this simple demand and consists only of 
gravity bar screens. Material to be crushed is carried by a reciprocating 
feeder to the crusher. 

Valier . — ^At the Valier mine shaker screens with pendulum suspension 
are used and are so arranged as to make four sizes of coal; lump, 
Ggg? 2j'^-in. screenings, and a fine coal approximately corresponding to 
No. 5. The two larger sizes are run over picking tables and may either 
be loaded into cars or fed to a crusher and reduced to pass through a 2J^ 
in. screen. The plant is thus equipped to furnish coal for either hand- 
fired locomotives or those equipped with mechanical stokers. 

American No. 2 . — As {he coal from this mine wiU be sold almost 
entirely to steam trade, the screening equipment is very similar to that 
of the Superior No. 4. The coal will be run over bar screens so arranged 
as to make either (31.75-mm.) screenings and standard lump, 

in. screenings and railroad lump, mine run, or the entire output may be 
run through crushers and made into screenings. Picking tables 

are being installed for both the mine run and the lump coal. 

Kathleen. — At this mine the demand will be variable, as part of the 
coal will go to the St. Louis and Milwaukee plants of the North American 
Co., which consume 600,000 tons of screenings per year. The remainder 
of the coal is to be marketed and the tipple is equipped for making lump, 
3 by 6-in. (7.6 by 16-cm.) egg, 2 by 3-in. nut, and 2-in. screenings. There 
are picking tables for the nut, egg, and lump coal, with loading 
booms for lowering the coal into the cars. Provision has also been made 
for the installation of crushers so that either the lump or the egg coal 
may be crushed to screenings if the market conditions make this desir- 
able. Shaker screens are used with pendulum suspension. At this 
mine and at Valier, the crushers are so placed that the coal may be dis- 
charged into them by elevating the loading boom. 

Bell & Zoller No. 2 . — The preparation equipment at this mine is 
more elaborate than that at any of the other mines. The main screen 
will produce three sizes of coal; lump, 6-in. egg and 3-in. screenings. The 
egg and lump sizes from the main screen will be passed over picking 
tables and discharged over loading booms. Provision is also made for 
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the installation of crushers to crush either the lump or egg sizes. Means 
are also provided for loading lump coal into box cars on a separate track, 
in case these should be available when coal cars are not. The screenings 
will be elevated by a belt conveyor to a rescreening plant equipped with 
two sets of screens in parallel, supported on ash boards, which will 
produce coal of the five standard Illinois sizes; viz., Nos. 1, 2, 3, 4, and 5. 
The screens are of such length as to permit hand picking if this should be 
necessary. The rescreening plant is set over the loading tracks and the 
coal will be discharged from the screens to the bins, from which it will 
be loaded. 

The chutes from these bins are equipped with lip screens for removing 
the fines produced by handling. 

XJ. S, Fuel Co . — In connection with preparation, it should be added 
that the U. S. Fuel Co., as subsidiary of the United States Steel Corpn., 
is developing a coal property lying to the northeast of Benton, 
Franklin Co., 111. All the coal produced is to be washed, so a 
large concrete washer has been erected and equipped with jigs, 
tables, and settling tanks. This is by far the largest coal washer in the 
central coal field and its equipment has been planned with great care. 
The company is not yet ready for a discussion of its operation. 

Surface Yards 

The system of handling cars on the surface by gravity, common in 
this district, has been followed at most of the mines. This system some- 
times requires extensive grading in a level country and the moving of cars 
is diflS.cult in winter. The surface layout for the Bell & ZoUer No. 2 mine 
is shown in Fig. 5. 

At the Kathleen mine, the nature of the surface is such that the con- 
struction of a gravity yard would have required an unusual amount of 
grading, as the surface at the mine is practically on a level with the main 
line of the Illinois Central from which the cars will be taken. This diffi- 
culty has been avoided by the use of a flat yard, the only grade being that 
extending from the air shaft on the west, past the main shaft and rail- 
road scales on the east, where there is sufficient grade for the movement 
of the cars being loaded. Over the remainder of the yard, cars will be 
moved by a pusher locomotive, running on a 36-in. track between the two 
main tracks. The pusher locomotive will have arms that can be ex- 
tended to either side and engage the ends of the cars. A 15-ton loco- 
motive is now being used for this purpose. A 25-ton locomotive wiU be 
provided later to move the loaded cars while the 15-ton locomotive will 
be employed for the empty cars. Each locomotive will be able to handle 
about ten cars. 

At the Standard Mine No. 2, the problem is entirely different as far 
as the loading of cars is concerned. At all mines in the district having 



C. A. HEEBEBT AND C. M, YOUNG 


825 


the ordinary preparation equipment, only one car is loaded at a time 
on each track. At the Standard No. 2, all the coal is to be crushed and 
placed in hoppers from which it will be drawn directly into the railroad 
cars. Only one size of coal will be shipped and only two loading tracks 



will be used. They will extend for the length of about eight raUroad 
cars, over the two loading tracks, and cars will be loaded in groups of eight. 
Gar pulls will be used to allow the. spotting of cars of variable lengths 
under the loading chutes. ‘Cndear these circumstances the supplest 
arrangement is to employ &■ switching engine. The track arrangement 
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differs from that of the ordinary mine in that there is no provision for 
the collection of loaded cars beyond the tipple. , The empty cars will be • 
brought in from the west to the loading hoppers and after being loaded 
will be taken back toward the west to be made up into trains. 

POWEB 

At three of the mines, Superior No. 4, Standard No. 2, and Bell & 
ZoUer No. 2, power plants have been erected. The Superior No. 4 will 
be equipped with five vertical water-tube boilers of 513 hp. which will 
supply steam at 150-lb. (68-kg.) pressure and 150° superheat. There are 
two turbo-generators, one having a capacity of 938 kv.-a. and one of 
375 kv.-a. both generating current at 2300 volts. All steam piping from 
the boilers to the engine is in duplicate, so that any interruption of serv- 
ice in the steam lines is guarded against. 

At the Standard No. 2, a central power plant is being erected at which 
four 750-hp. Vogt boilers have been installed. These are expected to 
produce from 1000-1200 hp. apiece and it is probable that two more boilers 
will be added in the future. The power plant contains two 2500-kw. 
turbo-generators, and one 1250-kw. generator both supplying current at 
6600 volts. The surplus power will be transmitted to other plants. One 
of the precautions against interrupted transmission from this plant to the 
mine is the construction of a double transmission line from the power 
plant to the main shaft. 

The three other mines are supplied by power purchased from public- 
service corporations. The American No. 2, in case of protracted 
failure of the power supply, can be supplied by the power plant of the 
No. 1 mine, which can be enlarged sufficiently to supply both mines. 

In the case of the Kathleen mine, it would be possible within 90 days 
to build a power line from one of the generating stations of the Union 
Electric Light & Power Co., at St. Louis. 

Mining 

During the past 25 years, the method of mining in the central field 
has been changed from the old room-and-pillar system with long room 
entries, which in many instances were used as main haulage roads, to 
what is known as the panel system. In this latter system, no rooms are 
turned from the haulage and main air-course entries, but these are pro- 
tected on either side by large barrier pillars. The room entries turned 
off from these main entries are comparatively short, averaging from 1000 
to 1500 ft. (304 to 457 m.) in length. In the typical panel system of 
mining, each panel, consisting of two room entries with their respective 
rooms, is a unit in itself connected with the other workings only where 
the two-room entries pierce the barrier pillar. 
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This method of mining has come into general use in the central field, 
principally because of the prevalence of mine fires and the great difficulty 
of sealing them off under the old system of mining, it being necessary to 
seal off a large part of the mine in order to control the fire. It is now 
possible to isolate a fire in any one panel by seals at the points where the 
room entries pierce the barrier pillar, without the loss of a great deal of 
territory and at the same time, because the area is small, the fire is usually 
smothered completely within 3 or 4 weeks. This system of mining is 
being followed at all the new mines in this field with such variations as to 
the length and width of the rooms, thickness of pillars, and number of 
rooms in each panel, as are made necessary by local conditions. 

At the Valier mine an attempt will be made to make a complete 
recovery of the pillar coal in the panels. With this one exception the 
room pillars will vary in thickness with the depth of the seam and will be 
only thick enough to allow rooms to be driven to full length without 
squeezing. The barrier pillars are of sufficient thickness to protect the 
main entry from any subsequent squeezing. The dimensions of rooms 
and relative dimensions of rooms and pillars are, however, subject to 
change and it is not improbable that steps will riltimately be taken for 
the recovery of pillar coal at more of the mines. 

At the Valier mi n e it is planned that the rooms shall be 25 ft. (7.6 m.) 
wide on 85-ft. (25.9-m.) centers, leaving 60-ft. (18-m.)room pillars, which 
will be later recovered. By driving the cross-cuts between the rooms 
20 ft. in width, 40 per cent, of the coal will be taken out in the advance, 
which is nearly as much as the total extraction at the other mines in this 
field. The room pfilars will be left in blocks 60 ft. square, which may be 
recovered later without the squeezing that would be certain to take place 
should an attempt be made to recover the narrow room pillars Tis ed at the 
other mines. The ultimate extraction is expected to be about 70 per cent. 

The sinking of these new mines with large daily capacities and ex- 
pected to work out larger areas than ever were contemplated in the past 
has led to the necessity for driving a greater number of main airways. 
Until recently two entries in the mines in this field had been thought 
sufficient. 

At the Bell & Zoller No. 2, it is proposed to use the four-entry system 
throughout the mine for all of the main haulage and airways, with double 
entries in the panels. At the Valier and at the Superior No. 4, four main 
entries will be driven, the cross-entries, or secondary mains, from which 
the room entries are turned, will be on the three-entry system, with two 
entries in the panels. At the Kathleen mine, the three-entry system will 
be used for the mains, with two-entry system for the secondary mains and 
panel entries. At the American mine No. 2, the three-entry system will 
be used for both the main and secondary main entries with two entries in 
the panels. 
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The four-entry system has the advantage of making it possible to 
put the required amount of air into the mine at a much lower pressure 
and velocity than where fewer entries are used, and with a marked saving 
in power required to operate the fan. Also where the entries are driven 
in pairs with no crosscut between the two central entries, except at points 
where cross or room entries are turned off, the necessity of expensive 
brick or concrete stoppings is eliminated, as the air in both entries of 



each pair travels in the same direction. Moreover, in case of an explo- 
sion the recovery work can be carried on much more rapidly and eco- 
nomically, as there will be no delay nor expense in rebuilding stoppings 
to restore ventilation. 

The shortwall mining machine has practically superseded the breast 
machine at all these new developments. Alternating-current mining 
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machines will be used at four of the six new larger developments in this 
field. In every case, it is proposed to take 2300-volt three-phase alter- 
nating current into the mine in armored cables to motor-generator sets 
located at advantageous points in the mine, there to be transformed to 
250-volt direct current for haulage locomotives, and for mining machines 
also where alternating current machines are used for cutting. 

At the American mine No. 1, where 240-volt alternating-current 
mining machines have been in use for several years, the mining-machine 
transformers are supplied with 240-volt and 275-volt secondary taps, 
so that when the room entries have advanced sufficiently to make a 
drop in voltage noticeable at the machines the machine lines are con- 
nected to the 275-volt taps. This same system will be used in the 
No. 2 mine. 

With the advent of the 5-ton mine car, it has been found that the 
6-ton gathering locomotive, which had been almost a standard in this 
field, is too light and the gathering locomotives at these mines will weigh 
from 7.5 to 8 tons. At the Valier mine and at the Standard No. 2, 
combined storage-battery and trolley-gathering locomotives will be 
used, while at the other mines the trolley-and-reel type of gathering 
locomotives will be used.. 

The use of heavier cars and locomotives has also made it necessary to 
use heavier track with curves of longer radius. In fact, the underground 
mine tracks in these new mines will approximate very closely, as far as 
the class of construction is concerned, to the standards of the modern 
steam or electric railway. 

The bottom layout at the American No. 2, showm in Fig. 6, Bell & 
Zoller No. 2, and Superior No. 4 are all very much alike. At each of these 
mines self-dumping cages are used. At each what is known as the A 
type of bottom has been adopted, in which the coal is brought in from 
either side of the mine to a double-track shaft-bottom entry, at right 
angles to the main entry. 

The mine car, after being automatically fed on to the cage, hoisted, 
and dumped is returned to the bottom, where it is pushed off the cage by 
the oncoming loaded car. After leaving the cage, the cars pass down, by 
gravity, to a kickback switch and are shunted off to either side into en- 
tries forming the sides of the A, where they are made up into the empty 
trips to be taken back inside. Where the natural conditions make it 
necessary, a car haul is put in between the cage and the kickback switch 
in order to give sufficient grade to run the cars back into the empty-car 
storage entries. There are usually a number of cut-throughs between the 
main bottom and the entries on either side to enable the locomotive 
coming in with the loaded trip to uncouple at a convenient point and run 
through to the waiting trip of empty cars. 

The bottom layout at both the Kathleen and Valier mines is very 
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similar to that just described except 
that the cars are run in over a 
single track to be weighed and 
dumped and that provision has 
been made to handle the empty- 
cars in trips instead of singly, as 
will be done where cages are used. 
At the Valier mine, the cars will be 
handled in trips of ten. After 
leaving the dump, these trips will 
run a short distance to the foot of 
a rather steep incline up which 
they will be hoisted by a single- 
drum electric hoist. From the top 
of this incline, the trips will be 
shunted off to the entries on either 
side of the main shaft bottom. 
This method of handling empty 
cars was made necessary by the 
natural grades that were en- 
countered. At the Kathleen mine 
the empties will leave the dump in 
trips of twenty cars and run by 
gravity to empty storage entries. 

The bottom layout at the 
Standard No. 2 is rather more 
elaborate than at any of the others. 
The mine is divided into four dis- 
tricts, and the coal will be brought 
to the shaft bottom over four main 
haulage roads. The bottoni is so 
laid out that the cars from these 
four roads will be brought to a 
long double-track bottom entry. 
An automatic car haul will be used 
to feed the cars over the automatic 
scales and into the rotary dump. 
The movement and dumping of the 
cars will be controlled by one man. 
At this mine, contrary to the general 
custom, the cars will be turned 
end for end at each trip to the 
bottom; a new and ingenious coup- 
ling has been provided for each end. 
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Entry-driving Machines . — the Valier mine, entry-driving machines 
have been introduced to accomplish rapid development work, promote 
safety through elimination of explosives and prevent the shattering action 
of explosives on the ribs and roof of the entry. Two B-34 machines, 
made by the J effrey Mfg. Co., have been used. The cutting in this mine is 
unusually hard, but under ordinary conditions an advance of as much as 
160 ft. (45 m.) per wk. was made with each machine, by working three 
shifts. On single shifts these machines are now making a general 
average of 300 ft. per mo. With regard to the economy of the use of 
these machines, it is the opinion of Mr. Carl Scholz, general manager of 
the company, that the cost of installation and operation will be repaid 
many times by the saving in timbering because the coal is not affected 
by the use of explosives when these machines are used. The roof will 
stand much better than it does when so shattered and timbering will be 
unnecessary in most parts of the entries. These machines are being used 
on the main west entries where a possible distance of mi. can be 
driven. After an experience of about 1 year in entry driving in this 
mine, a difference between the standing qualities of these entries and those 
driven with explosives can be observed. 

Safety Work op the Old Ben Corporation 

This company has undertaken a more elaborate program for accident 
prevention than is being followed by any other coal company in this 
district. This program follows three lines ; in the first place it was decided 
that only electric safety lamps should be allowed in the future in the No. 
11 mine in which an explosion had occurred, and that no one should be 
allowed to smoke in the mine or even carry matches. At first this ruling 
met with some opposition but at the present time this has entirely dis- 
appeared and the mine is bein'g satisfactorily operated with electric 
lamps. 

In the second place a safety engineer was employed, whose work is a 
general inspection of the mines of the company with special regard to 
the prevention of accidents, and the recommendation of changes to be 
made and policies to be followed. In the pursuit of this work, the safety 
engineer, Mr. J. E. Jones, formerly state mine inspector, is making a 
close study of all accidents and their causes, giving attention not only to 
the immediate physical causes of these accidents but to the classes of 
labor in which they are most common. Records are also kept covering 
the accident rate under different headings at the different mines of the 
company. In addition to this, careful study will be made of aU the fatal 
accidents in the Franklin County field. 

The third line followed is the introduction of dust barriers. The gen- 
eral plan promulgated by the U. S. Bureau of Mines was followed, but 
the details were worked out by the company staff. These barriers are 
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of two types; a concentrated barrier for the haulage entries and a trough 
barrier for the airways. The concentrated barrier is commonly known 
as the Jones barrier, but represents the combined efforts of the company 
sta^f. 

The Jones barrier consists essentially of a box about 2 ft. deep and 
extending across the entry, the dimensions being varied somewhat to 




suit its capacity to the width of the entry. The bottom of the bo.x con- 
sists of a number of planks running crosswise of the entry, 10 to 12 in. 
wide, and notched out at the ends so that only a few inches of one edge of 
the planks rests on the framework of the box proper. When unaupportod 
from underneath, the planks drop down at an angle of about d.'i® allowing 
the dust to pour out in a number of thin streams. In their normal posi- 
tipn when loaded with dust, these bottom planks are held in position 
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by cross-pieces, which extend beyond the sides of the box on either side 
and are held in position by supporting irons. The ends of the cross- 
piec(i are cut to a half circle and fit into a semi-circular curve in the 
supporting irons, and are so adjusted that a slight outward pull on the 
supporting irons releases the cross-pieces and allows the bottom planks 
to tilt downward, discharging the rock dust. To the bottom end of 
each supporting iron is attached a vane about 12 in. (30 cm.) wide and 
24 in. long. These vanes will be caught by'the advancing wave of an 
explosion, moving the supporting irons sufficiently to allow the cross-pieces 
to fall. It is planned also that other vanes shall be placed at some dis- 
tance from the barrier along the entry and connected with the supporting 
irons, thus providing for a somewhat earlier operation of the barrier. 

As the Jones barrier is up close to the roof of the entry and offers no 
obstruction either before or after being discharged it is thought to be a 
marked improvement over the Rice barrier, which when discharged drops 
into the entry sufficiently to offer a dangerous obstruction to locomotives 
or cars, in case of accidental discharge. 



Fxg. 9.— Teoxjgh dust baixrier. 

Tlu^ trough barrier, Fig. 9, consists of V-shaped troughs loaded with 
shaki (lust, supported on arms attached to posts set in the entry. Bach 
pair of posts (tarries four troughs set at different elevations. The sup- 
porting post^s arc so arranged that the sets of troughs are staggered along 
tlu^. eid.ry, thus provicliiig a winding path for men to travel but protecting 
tlu'i emtire (a'oss-area of the entry. The troughs are made of 8-in. (20-cm.) 
l)oa,r(lH nailed t.ogethcr at right angles and are supported in notches 1 in. 
de(',p. With this arrangement they will be easily overturned by any 
strong blast of air; moreover, the shale dust is heaped up in the troughs 
so tha,t a, consid(u\able amount will be blown off, even by a blast of air 
too f(>e])le to overturn the troughs. 

The (a)tt\pany has installed a crusher in which shale from the mines 
is reduced in size so Unit 75 per cent, will pass a 250-mesh screen, 92 per 
(auit, a 2()()-mesh stu’een, and 95 par cent, a ISO-mesh screen. The dust is 
removed frorti ilu) crusher by a current of air and only that fine enough 
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to be raised is used; 94 per cent, of this dust is ash and the remainder 
mostly moisture. 

Mine Towns 

The proper housing of mine labor has always been a serious problem, 
and one that has been too much neglected until recent years. This field 
is fortunate in the fact that most mines are situated near established 
towns in which men can find homes. 

There has been only one development in mine housing of sufficient 
importance to warrant inclusion in a discussion such as this: This is the 
provision of residences in connection with the work of the Standard Oil 
Co. of Indiana. Though the No. 2 mine is about 8 mi. from Carlinville, 
it was decided that no town should be built at the mine, but that houses 
should be erected in an addition to the town of Carlinville, thus giving 
the miners the benefit of city schools, lights, water, and sewer systems. 



Fig. 10 .-— 'Houses at Stanpard No. 2 mine. 


The houses were erected by Sears, Roebuck & Co., of Chicago. One 
hundred and fifty-six houses were erected in Carlinville, and twelve more 
at the mine for the accommodation of those employees who must necevs- 
sarily be constantly at the mine. The plans and materials for these 
houses were taken from the regular stock of the company, illustrated in 
their catalog. In order to diversify the dwellings as far as po8sil)le, 
fourteen different floor plans were used and these wore modified l)y 
different arrangements of porches and roofs so that there are forty-five 
or fifty different appearances. The difference of design is farther accent- 
uated by painting in different colors, see Pig. 10. The cost of these 
houses was nearly one-half million dollars not including grading, side- 
walks, and plumbing. This addition to the town is provided with sewers, 
the lots are graded, the sidewalks are in place, and the trees have been 
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planted to the value of about $50 per lot. This new addition to Carlin- 
ville is so different from the ordinary mine town that no connection 
between the mines and the dwellings would be suspected. 

The company expects to operate the mine constantly and desires to 
attract labor of steady habits and a desire to work, in short, such class of 
labor as will desire to live in the kind of houses erected and become a 
permanent part of the population. It is not the intention that these 
houses shall be rented. The whole undertaking simply represents a 
desire on the part of the operating company to so house its labor as to 
promote contentment rather than unrest and attract a class of steady 
industrious labor. 


SUMMAET 

The development of coal mining in the lUinois-Indiana district has 
been rapid during recent years, and especially since the increased demand 
for coal from this district incident to the war. An important feature of 
this development is the production of coal by large consumers. • 

While many of the new mines present advances in engineering practice, 
six have been selected for discussion as exemplifying the best practice in 
coal-mine engineering in the central district at the present time. 

These six mines are planned for outputs of 6000 to 8000 tons per 8- 
hr. day. To make this large output possible, all of these mines are so laid 
out as to provide an ample n umber of working places, airways are sufficient 
for good ventilation, shaft bottoms are laid out for rapid and easy move- 
ment of cars, and hoisting equipment is of large capacity. 

Two plans have been followed to permit rapid hoisting. At throe 
mines coal is hoisted in end-dump cars of 4.5 to 5 tons capacity; at the 
other three, coal is hoisted in skips. The skip load at one mine is 9 tons, 
at another 9.5 tons, and at the third 12 tons. 

Steam hoists aro used at two of the six mines and electric hoists at 
four. Power plants have been erected at three mines and electric power 
is purchased from public service sources at three. 

The Valior Coal Co. is the first in this district to lay out a mine with 
the view to roc.overy of a large percentage of the pillar coal. 

The Old Ben Coal Corpn. has adopted a program of accident preven- 
tion involving the employment of a safety engineer. This company has 
also devised an improved form of dust barrier for limiting the extent of 
explosions. 

The Standard Oil Co. of Indiana has erected a power house at its No. 
2 mine equipped with machinery to generate about five times the amount 
of olootric power needed to operate the mine. The No. 11 mine of the 
Old Bon Coal Corpn. also has a power generating equipment in exc^ of 
its needs but on a smaller scale than that at the Standard. 

The Standard Oil Co. of Indiana has taken a new step by the erection 
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of dwelliugs probably of a better type than have been provided by any 
other coal-mining company in this country. These are not to be rented 
but sold at cost plus interest. 

■Plat surface yards are used at two mines; Kathleen and Standard 
No.. 2. The first has pusher locomotives running on a narrow-gage track 
between the two loading tracks. The second has a switch engine, and 
cars are moved and loaded in groups of eight. 

Preparation varies from simple bar screens to a re-screening equip- 
ment for the production of five sizes of small coal. At the Standard No. 2 
all coal will be crushed. 

The following statements are in addition to the summary of the 
preceding article; the Old Ben Coal Corpn. is sinking its No. 15 mine, 
which will be electrically operated by power from the No. 11 mine. 
The same company uses pusher locomotives to expedite the movement 
of cars at the shaft bottom and decrease the amount of labor required. 

The Superior Coal Co. has provided a new type of wash-house at the 
No. 4 mine. Each miner has both hanger and locker, but these are at 
opposite ends of the building and separated by the shower-bath room, 
thus preventing contact between clean and dirty clothes. 

The Equitable Coal & Coke Co. is recovering pillar coal at its Majestic 
mine at DuQuoin. Wide room pillars are left and these are split from 
the crosscuts. At the same mine an emergency stop has been devised 
for the hoist, by which the bottom man can almost instantly stop the 
hoist. • 

The Old Ben Coal Corpn. is making a more complete recovery of bar- 
rier pillar coal at its No. 8 mine than has been accomplished elsewhere 
in the central district. 

Practically all mines in the district are provided with track scales on 
which the loaded cars are weighed. 

Storage at the mines has been developed to a considerable extent. 
The methods vary from simple piling on the ground to piling and rc- 
piling with a steam shovel with clam-shell bucket. The latter equip- 
ment has been used at the Old Ben Coal Corpn. 

Recent progress in mining points to an increase of the percentage of 
coal extracted. In conclusion it maybe stated that present developments 
show application of the highest engineering skill and thereby indimto 
the realization of the necessity of engineering in coal production and fore- 
shadow growth of the functions of the coal-mine engineer. 

DISCUSSION 

Eugene McAuliffb, St. Louis, Mo. (written discussion*).— When 
wo undertook the development of the Kathleen mine, near DuQuoin, 

*Receivod Sept. "27, 1019. 
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certain features greatly influenced the construction and underground 
development. The countiy is very flat, so that the usual gravity yard 
movement of empty and loaded coal cars would entail a very heavy fill 
at the empty-car end of the tracks, with some form of car-pulling arrange- 
ment to move the loads where it was practically impossible to provide a 
gravity movement. So the yard was made level, except for 1000 ft. 
(304 m.) under the two tipples, where the cars are moved by gravity and 
controlled under the main-shaft tipple by four Fairmont car retarders. 
Both tipples are spread sufficiently to admit of introducing a narrow-gage 
track and locomotive. One 18-ton locomotive is at present employed in 
moving empties down to a point above the main-shaft tipple and the loads 
off the track scales down into the storage yard; ultimately a 25-ton loco- 
motive will be employed on the loaded side of the tipple. This form of 
car movement and control will admit of handling empty and loaded cars 
promptly in winter weather without the employment of a large number 
of men, as is commonly practised. 

The main-shaft tipple was designed to include ample screen area with 
picking tables and loading booms on the nut, egg, and lump tracks, in- 
suring the best possible dry cleaning of the screened product. The con- 
trol of all machinoiy in the tipple is in the hands of one operator, centrally 
located. A number of push-button controls conveniently located at 
different points in the tipple enable any employee to throw off the power 
instantaneously. 

In designing the underground layout, including pit ears with roller- 
bearing wheels aiul a capacity of approximately 5 tons, together with a 
two-car rotary dump, due attention was given to the matter of reducing 
to a minimum the number of employees required to handle the mine 
bottom. One operator, centrally located at the shaft bottom, handles the 
movement of the loaded trip over two pairs of pit car scales, placed tan- 
dem, through the rotary dump, thence to the empty-car tracks. All the 
cars renuun coupled throughout; that is, each trip is coupled to the one 
preceding it, making a continuous train passing through the rotary dump, 
sufficient empty ears being cut off below the rotary dump to meet the 
reiiuironuuits of the outbound empty trip. This reduces the labor of 
coupling and uncoupling at the shaft bottom to a minimum. The rotary 
dump and its attendant mechanism, iiicluding the trip control, are 
handled by one opeu-ator through the medium of compressed air. It 
was otir idea to reduce as far as practicable the number of men employed 
at other tlian coal loading, using the largest possible transportation 
unit, reducing transportation costs. It was thought that a high 
hourly hoisting capacity would bo desirable in view of a possible reduction 
of hours per working day. 

The matter of providing houses for mine employees was given very 
serious consideration. Tho decision finally reached was that the coal 
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company would confine its effort to insuring the sale of building lots and 
the construction of houses for its employees under terms that were fair 
and reasonable, with ample provision for time payments either made to 
a townsite company separately organized, in which the mining company 
has no financial interest, or through a building and loan association. 

The Illinois mining law requires the construction and maintenance 
of wash houses for employees. In designing these, an attempt was made 
to insure absolute cleanliness. Two steel lockers were provided for each 
employee, one for pit clothes and one for street clothes; also provision for 
drying damp clothes, so as to insure as far as possible the absence of 
disagreeable odors so commonly experienced in miner’s wash houses. 
No provision for washing other than through the medium of a shower 
bath was provided, with the result that 95 per cent, of the employees 
fully bathe and change their clothes before leaving the wash house. 
No seats whatever are provided in the locker room', which discourages 
loafing there. 

A. G. Reese,* Cleveland, Ohio (written discussionf). — ^As the hoists 
and skips mentioned were installed by the Wellman-Seavei-Morgan 
Co., some of the principal features of these hoists and skips may be of 
interest. 

All the rotating parts of both hoists are of steel, the drums ha-ving 
machine-turned grooves. All the bearings are of the ring oiling type, 
the pinion-shaft bearings of the skip hoist being provided with removable 
shells. Each hoist is provided with a parallel acting post brake; the 
brake beams are of structiual steel and the supporting links, operating 
levers, and connections are of cast steel and forgings. Both hoists are 
driven through one reduction of herring-bone gears enclosed in an oil- 
tight housing of structural steel, supported on the hoist bed plate. The 
brakes are applied by gravity and released by cylinders operated by 
compressed air at 90 lb. (39.7 kg.) pressure, the air being supplied by 
two electrically driven air compressors, each having a piston displace- 
ment of 72 cu. ft. (2 cu. m.) of free air per minute. The hoist houses 
are located about 300 ft. (91 m.) apart with one compressor and receiver 
in each hoist house, the receivers being connected by piping, which ar- 
rangement allows the brakes of both hoists to be operated from either 
one of the compressors, the other compressor being used ixs a spare unit. 

The cage hoist is at present hoisting 1000 tons of coal per 8 hr., 
using only one cage, the load being partly balanced by a counterweight 
of 18,000 lb. The total load on the cage rope is 24,380 lb., which is di- 
vided as follows: cage 11,000 lb., coal car 4500 lb., coal 8000 lb., rope 
880 lb. The rope speed is 1000 ft. per minute. 

The skip hoist is used for hoisting the coal in self-dumping skips oper- 

* Engineer, Wdlman-Seavei>Morgan Co. t Boooived Sept. 24, 1919. 
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ating in balance. The capacity of the hoist is 6400 tons of coal in 8 hr. 
on the basis of 8 tons per trip, or 8000 tons on basis of 10 tons per trip, the 
load being as follows: 


Avbbaqb Conditiokt, Maximum Condition, 


Pounds Pounds 

Skip 20,000 20,000 

16,000 20,000 

K’OPe M80 1,580 

Total 37,680 41,680 


The average rope speed is 980 ft. per min. The flywheel of the motor- 
generator set has sufficient capacity for completing the hoisting cycle 
from any point in the shaft, after acceleration is completed, in case of 
failure of main-line current. 

The calculated running light losses of the motor-generator set is 32 kw. 
The calculated power consumption under normal hoisting conditions is 
0.485 kw.-hr. per ton. 

The power for both hoists is purchased from the Central Illinois 
Public Service Co. at 33,000 volts, three-phase, 60-cycle, and is trans- 
mitted by wooden pole construction from a steam plant located at Chris- 
topher, 111., a distance of about 20 miles. 

The skips at the Standard mine have a capacity of 414 ou. ft. or 12 
tons of coal and are designed to operate in a shaft compartment having 
T-rail guides. The body of skip, 6 ft. by 6 ft. 3 in. by 12 ft., is made up 
of %-in. plates, 2).^ by 2J^ by Jfg in. angles and four 1 by 6 in. stiffener 
bars oxfct'.nding around four sides of the skip. The sides of the guide 
frame arc made of 3 by by in. angles riveted to a by 16 in. plate 
running the entire Icaigth of guide frame. The skip is provided with 
spring drawbar and stool safety catches. Total weight of each skip is 
19,000 pounds. ' 

Fbank F. JoitQBNSBN, GiUospio, III. — ^Wc use tho Litchfield hoist in 
all our mines as it is manufactured only 12 mi. away and we can get re- 
pairs very quickly. Wo havonover been delayed overtwo days in getting 
tho mine in operation after an accident; but it takes much longer to 
have our electric macluncry repaired. However, I am very much in 
favor of the electric hoisting. Wo have found that in our Iowa mines we 
can hoist coal more cheaply with electricity than with steam. 

In all operations below ground wo use direct current altogether. We 
generate alternating current at 2300 volts and put the rotary converters 
right in the plant. We have boon criticized for tlus plan but the old 
mines now aro beyond the limit of carrying 260 or 276-volt current. We 
are at the point whore we must do something. My plan is that when the 
now plant gets out, say. % mi. or 1 mi. from the bottom, a substation will 
be placed at tho face. For that reason the two converters we have now 



840 ENGINEERING FEATIIEES OF MODERN LARGE COAL MINES 

are of small capacity but they are the size that we intend to take to the 
face when we carry the alternating current into the mine. 

R. V. Norris, Wilkes-Barre, Pa. — It seems to me that 70 per cent, 
output is weak, compared to the practice of West Virginia and Virginia 
where they are getting a little over 90 per cent, output; it would seem as 
though a little of the detail of the inside work might well be added to 
this paper, which treats largely of the outside and hoisting end. In regard 
to the electrification, why not do as they have in many places, put the 
converters on the surface and take the current through bore holes near 
the face? ■ It is safer than carrying your high current into the mines and 
does not cost appreciably more. 

The Chairman (Carl Scholz, Chicago, 111.). — We have to meet a 
situation that does not exist in West Virginia. Our coal ranges from 8 
ft. 6 in. (2.58 m.) to 12 ft. 2 in. (3.7 m.). That coal is overlaid with a 
tender slate, therefore the top coal must be kept up. This is one of the 
worst features in the recovery of coal because, in advancing the rooms, we 
only drive them 7 ft. high. That brings down the percentage of recovery 
from what might be 85 per cent, to 70 per cent. 

I do not believe that the plan of taking in the power through bore 
holes is feasible, but it is feasible and practical, I have found, to take high- 
tension voltage into the mines by armored cables. We arc going to 
generate the power for our main road locomotives with four 100-kw. 
sets in the four quarters of the mine; that will eliminate great expense in 
cables. For the total output of our mines, we take inside three 300,000 
circular-mils lead-covered cables; for that same amount of power, at 
250 volts direct current we would have to put in 2,000,000 circular mils 
for each side. The 300,000 circular mils load-covered cables are as large 
as my thumb; the 2,000,000 would be as large as my arm. This cable is 
protected by steel ribbons and is fool-proof. 

The mining machines arc operated by alternating-current motors, 
thus eliminating flames. The transformer stations arc very small. In 
large transformer stations the secondaries soon become too long and the 
loss in voltage is too great. Our units arc three, 25-kw. transformers; 
each operates two mining machines. That brings our secondaries down 
to a maximum length of 700 ft. which is the maximum distance we can 
carry. Small transformers and liigh-tension voltage will overcome the 
power trouble to a very appreciable extent; besides the power is brought 
to the face at full pressure and there is no dragging of the motors, so 
common where direct current is employed. This plan is a check on the 
activity of the mine superintendents in keeping the power at the face. 

The Illinois law prohibits the use of over 275 volts on exposed wires 
but that law does not pertain to protected wire. . The cables wo use are 
fool-proof and are no more costly than cables for direot-curront operation. 
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H. I. Smith. — ^Wliat wire do you contemplate using from the trans- 
formers up to the mining machine? 

Chairman Scholz. — The secondaries are ordinary weatherproof 
wires. They are carried on insulators suspended from the roof 3 or 4 in. 
(7 to 10 cm.) apart. As yet we have not experienced the least trouble 
by the use of ordinary double-braid weatherproof wire. 

Mr. Parker. — What is the result of the deterioration from the use of 
the skips, the storage hopper, and the weighing hopper? Some Illinois 
coal breaks badly, I understand, in handling. It takes two or three 
handlings there instead of one at a dumping. 

Chairman Sciiolz. — ^Wo have not had any experience in that line 
yet. I did operate a mine in Northern Illinois where we had a skip; in 
that. case we found no difference in the breakage. The result was about 
the same in both mines. 

We have found that if you transfer a large mass of coal lump by lump, 
the breakage is considerable. If you transfer a shovel full at the same 
time, your breakage is loss. If you pick up 10 tons and dump it, the break- 
age is still less because of the cushioning effect. Therefore in skip dumps, 
where the coal flows into the skip, the breakage is reduced to a minimum. 
The shape of the skip provides the minimum fall in pouring into the skip 
and the minimum breakage of pouring out of the skip. In our case, 
though, breakage docs not matter because all of the coal is to be crushed 
any way. 

Ij. V. Rxow, Chicago, 111. — In the Standard Oil Co. mines, which we are 
(Uiveloping, wo expect to crush all of the coal so we arc using a 12-ton 
skip. We dump first into a hopper that holds about 40 tons; from that 
into a measuring hopper, then into the skips, which wo hoist at the rate 
of 900 ft. (274 m.) a minuk^. They arc then dumped into a hopper 
containing 150 tons, and frotn that fed over a grizzly into a crusher. 
After the coal is crushed to Ijl^ or in-? it is distributed into large 
hoppers liolding about 4000 or 4500 tons and from those it is loaded into 
the railroad cars. 

In the mine we have two rotary dumps, which can be worked together 
or separately. lOach rotary dump wo expect can handle a car in about 
20 sec. 'I'ho mine cars are a little larger than most of the mine cars in 
the state; they will hold about 6 tons each. Wo are using 48-in. gage 
track, which is a little wider gage than that used elsewhere. 

Mu. pAUKMR.~Aro your miners paid by the car? 

h. V. Rick.- T hey are paid by the ton. 

Mu. Parker.— Are tho cars weighed in the mine? 
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L. V. Rice. — Yes. Each locomotive brings in thirty or thirty-five 
cars, which are then attached to a car haul which elevates them and 
throws them over the scale, which is self-registering. The cars then 
pass to the turn-over dump. All the cars wiU be numbered and the 
records kept from the numbers. 

Mr. Murphy. — ^Are these gassy mines? In Columbia, our hoisting 
could not be done by electricity because of the gassy nature of the mines. 

C. M. Young. — As a general thing, the mines of Illinois are not suffi- 
ciently gassy to prohibit the use of trolley, so electric haulage gives very 
little trouble. There have been a few cases where a spark from the trolley 
caused trouble, but these were under unusual conditions. Except in a 
few cases, the mines are not operated with safety lamps. 

L. V. Rice. — While we cannot get along very well in mines rated as 
non-gaseous without trolley haulage, in mines that are naturally dusty 
we must look out for the dust problem as well as the gas. There have 
been at least two great disasters in this country that, without question, 
were caused by the direct ignition of coal-dust clouds by the breakage of 
a trolley wire. In Illinois, generally, the dust is mixed with clay and 
other materials so that the hazard is not as great as in some mines, still 
that, possibility must be borne in mind and coal dust guarded against. 

Perhaps the first use of skips in coal mines, in this state at least, was 
in the Wilmington district where Richard Ramsey had installed a skip, 
which I saw in operation about 1892. At that time it was handling the 
coal in a very gentle manner. It was poured out as the skip came up 
and slid off the edge of the sldp down the chute. I understood that 
there was practically no greater breakage than in the neighboring mines 
where they used the car dump. 

In connection with the splendid tipples which are here, I recaU it is 
only in 1899 that I had occasion to design the third steel tipple. The 
first tipples were built with light material, compared with the present 
practice, and the progress and advance in the art have been very marked. 

Mr. Scholz said that one reason for the great losses of the coni was 
the top coal and the necessity of keeping the draw slate covered because 
of the weathering if the top coal is not left up. He might also have 
added another factor, which necessitates leaving very large amounts as 
pillars, namely, the very heavy limestone stratum above that. As 
many of the operators in this field know, there was great trouble in 
some of the early mines through squeezing, whore too much coal ha<l 
been removed in the advance work. The bottom came up and large 
amounts of coal were lost; in many oases whole sections of mines were 
lost. 

Still another factor is that the surface is perhaps more valuable than 
the coal in the ground and if you disrupt this comparatively level sur- 
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face, you are deranging the tiling and the drains so that valuable farm 
land is converted into swamps. One of the greatest problems in coal 
mining that we have in the country is to get around this factor, because 
we will not be satisfied until we effect a better saving of coal in those dis- 
tricts confronted with these problems. If you could disregard the surface, 
the pillars could be pulled quite thoroughly and the top dropped. Some 
years ago, we endeavored to figure that a saving could be effected if a 
company would defer maldng the final recovery until it reached the 
boundary. I do not mean to say wholly with entry work alone, but in 
which larger pillars were left between the rooms and then the complete 
recovery of the coal was made in working back from the boundary. 
Disregarding the surface, it figured an economy, and today even more 
so. It could be planned broadly so that work could be handled this way. 
The drainage could be brought to some central place and from there 
turned into the streams by one agency. Even pumping, if it was handled 
in a big enough way, might be done, bringing back the coal regularly 
toward the shafts. That has been done in longwall mining in the north- 
ern part of the state, where the fiirst subsidence caused a swamp. In the 
case of one mine we had to dig deeper channels and even do some pump- 
ing but as the face advanced the land corrected itself and has been 
recovered. 

E. N. ZuiRN,* Pittsburgh, Pa. — Why have the number of entries been 
limited to three and four? It appears to me that in a mine of this size, 
bearing in mind the extensive development which will be required, a 
six- or eight-entry system would in the long run prove more economical. 
The Consolidation Coal Co. uses an eight-entry system in its Kentucky 
mines, the object being to keep down the water gage at such time when 
the mines are well developed and require a large amount of air. Of 
course, wo all realize that the cost of labor, yardage, condition of roof, 
etc. must bo considered as offsets to the savings made in ventilation, 
but we must not lose sight of the tremendous cost of circulating large 
volumes of air at high water gages. 

, Ciiaibm:a,n Scholz. — Ono of the limiting features, in Illinois, of 
entries is tho cost, and that means the yardage. A four-entry system 
costs $4 a foot. An eight-entry system, therefore, costs twice as much. 
Another factor is tho cost of maintaining entries, because in most mines 
in Franklin County wo have to timber. We can better afford to timber 
a smaller number of entries and increase the horsepower cost of the 
ventilation system than to maintain entries with timber, which must be 
renewed every few years, or with steel, which costs something like $15 
a set. 


* Editor, Keystone Cons. Pub. Co. 
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I want to say in connection with the adoption of the entry-driving 
machines., that we have two machines which under-cut, break down, 
and load the coal in one operation. There is not much economy connected 
with the operation of these machines at the present time; the economy 
will come as these entries advance. They will ultimately drive 3}'^ mi. 
to the. boundary. We can, after 18 months' operation, notice a great 
deal -of difference in the condition of the ribs that were cut by these 
machines as against those cut and shot down by explosives. The 
explosives will sooner or later cause cracks to reach the roof and the 
coal will commence to fall and require timbering. The entries driven 
by the machines are as solid today as the daj/ they were put in. 

Mr. Sperr. — What height do you drive your entries? 

Chairman Scholz. — From to 7 ft. (1.97 to 2.1 m.). 

J. W. Paul, Pittsburgh, Pa. — Referring to the part of the paper dis- 
cussing the safety work of the Old Ben Corporation on p. 831, I 
would say that I have had the opportunity of seeing the Jones dust 
barriers in operation in the mine and on the surface. I am also ad- 
vised by the management that they feel sure that by the operation 
of these devices they have prevented the spread of two explosions in 
two mines. 

The purpose of the barrier is to throw, in the face of an advancing 
explosion wave, a large body of finely ground material so as to absorb 
the heat of the flame of the explosion. The dust barrier, as made, 
suddenly precipitates its contents on to the floor and may bo operated 
in advance of the flame of the explosion by the shock wave which usually 
precedes an explosion. The barrier should be so constructed that it 
would precipitate gradually its contents during several seconds of time 
so that when the trap is thrown by the shock wave that precedes the 
explosion, there will bo a time interval before all of the dust may be 
precipitated to the floor. At the same time, a certain amount of the dust 
should be left in the box so that when the violence of the explosion reaches 
the box, additional dust will be thrown into suspension. That can be 
easily accomplished by introducing shelves 4 to 6 in. wide in the interior 
of the box. These will retard the flow of the rock dtist and at the 
same time retain a certain amount of the dust, wluch will be in a position 
to act when the flame and violence of the explosion would arrive. I believe 
it would be an improvement if the boards were made less than 10 to 12 
in., probably 8 in. wide. That would give a larger clearance between 
the road and overhead for walking in case of accidental throwing of 
the trap. 
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Graham Bright,* Pittsburgh, Pa. — On p. 816, the author says 
that when a skip holds a two-mine-car load, the hoisting speed is cut in 
half. In some of our mines the hoisting distance is not very great and we 
find that with the given output you can reduce the speed considerably 
more than one-half. Assuming that actual raising time is about the same 
as the caging time, you can take one-third the rope speed and get the 
same output by hoisting twice the quantity of material per trip. Of 
course, with greater depths you do not get such a big difference, so the 
rope speed will bo between one-half and one-third. Another large advan- 
tage gained is in the capacity of the equipment. If direct current is 
used, the capacity of the equipment includes the motor-generator set. 
In some cases, a hoist requires a fljrwheel set in order to keep down the 
peak load, due to the small capacity of the power system. This is true 
where we have high-speed cycles using single-car operation. By using 
skips, rope speed is cut down considerably and the peak load during actual 
operation is cut down to a much larger extent, so in some cases it per- 
mits the use of alternating-currpnt motors to drive the hoist, where with 
a single-car operation it could not- be used due to heavy peaks. The 
operation by skips often effects a large saving in the first cost of apparatus, 
and also in actual amount of power required. 


* Wostinghouso Eloc. & Mfg. Co. 
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Gas-producer Practice at Western Zinc Plants 

BT a. S. BROOKS,* B. M., AND C. C. NITCHIB.t A B., DEPUB, ILL. 

(Chicago Meeting, September, 1919) 

With the gradual depletion of the natural-gas pools of the Kansas 
district, together with the uncertainty of further cheap fuel develop- 
ments, some of the western zinc companies turned to the coal fields, 
attracted by their permanency and the success of the Matthiessen & 
Hegeler Co. and the Illinois Zinc Co. Being then confronted with the 
problem of using a relatively high-priced fuel, although the ultimate 
supply was very great, the fuel economies of the kilns and furnaces became 
of far more importance, and the more modem equipments, as a result, 
embodied distinct gaiis in this phase of the business. In addition, there 
have been some pronounced advances ia the actual making of gas from 
these coals. 

Increased eflGLciency in gas making has contributed its share to lowering 
costs and those plants located in the higher priced fuel districts have 
probably been obliged to study these economies somewhat more closely. 
Naturally, many beneficial changes have resulted in both practice and 
apparatus in these sections. On certain western coals, for instance, the 
actual saving in fuel consumption has been 50 per cent. By this is meant 
that, where about 1.75 tons were burned to smelt 1 ton of oxidized ore, 
0.7 to 0.9 ton is now required. While comparisons by W. R. IngaJls^ of 
fuel economies in smelting in this country and Germany before the war 
may, in general, be correct, they do not appear to do justice to the more 
progressive American practice. It is doubtful whether German plants 
were substantially bettering these fuel ratios. Data furnished by Bender 
and Frams do not afford records averaging loss than 0.9 ton coal per 
ton ore on materials from 40 per cent, to 50 per cent. zinc. 

Pdbls 

As producer fuel, Illinois, Indiana, and Kansas coals offer a wide 
range of material, although varying much in their amenability to gasifica- 
tion. The proper fuel for each plant can only bo determined after com- 

* Assistant Superintendent, Mineral Point Zinc Co. 

t Chief Chemist, Mineral Point Zino Co. 

‘ Some Points in the Economies of Zino Metallurgy. Bng, & Min. Jnl. (Oct. 
3 , 1916 ) 661 . 
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parative testing, the results of which include not only the weight and 
price of coal consumed per unit of production, but also the cost of gasifi- 
cation, including such items as labor, steam, etc. Naturally, the first 
cost of the coal at the plant is a great deal a matter of location, because 
for standard sizes the mine prices do not vary materially. In zinc works, 
where mufile roasting ki ln s and retort furnaces are the chief consumers 
of gas, clean gas is not considered important, so that the finer sizes of coal, 
dusty though they are, can be used. 

Size of Coal. ^As a general thing, coarse mine-run coal does not 
make the best producer material. The larger pieces work down through 
the distillation bed and tend to make unequal blow distributions on both 
the hand poked and mechanical types. 

Egg and nut, being nearly free of fines, make the most easily handled 
material. They are frequently low in ash and the uniformity of their 
interstitial channels makes even blowing an easy matter. In the hand- 
poked producer, these sizes make easier work in “bed loosening” and 
“side slicing.” 

With the lower priced screenings, even with their more troublesome 
clinker and poor blowing properties, the best gains have been made in 
modern zihe practice. Washing makes some of the poorer grades of 
slack very satisfactory producer material. 

As/i.— Particularly with slack coal, not only should the total ash be 
carefully examined, but also its fusibility; in fact, this latter quality is 
often the one factor that will exclude a coal as a producer fuel. There 
is not much aceui’atc information on the melting point or composition 
of western coal ash. For instance, the ash from a Northern Illinois slack 
ran as follows: SiOa, 40.8 por cent.;Fe208, 20.7 per cent.; AI2O3, 20.6 per 
cent.; CaO, 0.5 por cent.; MgO, 0.9 per cent.; undetermined, 10.5 per cent. 

This ash was made from raw screenings containing H 2 O, 14.5 per 
cent.; volatile matter, 26.8 per cent.; fixed carbon, 42.0 per cent.; ash, 
10.7 por cent.; sulfur, 3.7 por cent. 

As an example of poor material, there are found in Saline County, 
111., coals giving an ash with as high a lime content as 26 per cent.; these 
naturally make a very easily softened ash, so much so in fact that there 
has boon trouble in kooping locomotivo grates clean. This coal would 
bo out of the question for gas making. A typical mine run, thick vein 
cotd gave an ash of: SiOa, 34.4 per cent.; Fe 20 », 30.8 por cent.; AUO*, 29.4 
por cent.; CaO, 4.3 per cent.; MgO, 0.0 per cent.; undetermined, 0.5 per 
cent. 

This original coal ran 24.4 per cent, ash and 7.1 per cent, sulfur in 
the coal yot it did not form as hard a clinker as the first slack ash given. 
Of course the difficulties of clinkoiing are chiefly controlled by the fol- 
lowing: (1) Hate of combustion, and therefore actual combustion zone 
temperatures; (2) size of coal, i.e., contact factor; (3) steam for disin- 
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tegration; (4) agitation of material in combustion zone eifected by hand 
poking or mechanical means; (6) removal of ash from combustion zone 
to ash zone promptly and completely. 

Hydrocarbons . — ^As a producer fuel, Illinois coals have the well-known 
advantage of all bituminous coals, an abundance of hydrocarbons. For 
high-tempcrature work, this is important in the subsequent efficient trans- 
fer of heat from the flames to furnace walls or retorts. It gives to the 
burning gas what Siemens called its “light and heat radiating capacity,’’ 
and depends on the presence of free carbon particles, the result of hydro- 
carbon dissociation. These veiy small particles are heated to the flame 
temperature and, remaining incandescent, radiate heat and light in aH 
directions. 

Table 1 gives representative analyses of various grades of coal that 
have been used at Depuo during the past 10 or 12 years. 

Tri’ifls OF Producers and Their Operations 

II and-pohed, Dry Bottoms . — Of this typo, the earliest was the Matthies- 
son <& H(^g(dcr gtmorator; its modifications have now come into somewhat 
cxt<mded use at La Salle, Springfield, Danville, Argentine, Hillsboro, and 
Jiurgettatown. Essentially, the producer comprises a stationary brick 
sluift with food openings in the top for coal and a gradually narrowing 
throat, or bosh, at the bottom, below which is the ashpit. At the point 
of miuhuum openjng at the throat there is usually a water-cooled frame; 
this prevents the destruction of the lining of this opening and breaks the 
clinkers. The blow box is incorporated in the ash bottom, which is wide 
enough to alUjw the jxsh to seal the column, running out to the angle of 
repose but not quite reaching the box side. Along these sides, the air 
(urciulates and distiibutcs itself through the bed. A fan delivers the air 
by a main trunk lino, using damper cut-offs for the adjustment of the 
individual producoiu. There are from one to four units to a spelter 
furnace geiw'rator equipment. 

This type of producer is ordinarily used on spelter furnaces with 
waste heat boilers as heat recuperators, or, when on kilns, is usually 
op(n'attsd in coimection with air hoators. There is necessarily a large 
ainount of clinkering with this typo, as no steam is ordinarily introduced 
tm a “mover” for the primary air. Fig. 1 shows the general arrange- 
ment of an instalhvtion formerly used at Depue. A positive blower 
used as an oxhauslor between the furnace and producers has been in 
successful operation at La Salle for a good many years. This of course 
does away with either a fan or a steam blower. The breaking down of 
those producers often becomes a very serious matter and requires 
considorable experience and skill unless the coal be uniform and its 
clinkering Inoonsidorablo. 
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Table 2. — Producer Equipment at Western Zinc Plants 


Location 

Company 

Type 

Use 

Number 

Depue 

Mineral Pt. Zinc 

Duff 

Spelter 

6 

Depue 

Mineral Pt. Zinc 

Duff" 

Kilns 

14 

Depue 

Mineral Pt. Zinc 

Chapman 

Spelter 

2 

Depue 

Mineral Pt. Zinc 

Hughes 

Spelter 

16 

Peru 

Illinois Zinc Co. 

Swindell 

Spelter 

7 

Peru 

Illinois Zinc Co. 

Chapman 

Spelter 

4 

Peru 

Illinois Zinc Co. 

Swindell 

Kilns 

3 

La Salle 

Matthiessen & H. 

M. & H. 

Spelter 

7 

La Salle 

Matthiossen & H. 

M. &H. 

Kilns 

5 

Danville 

Hogeler Zinc Co. 

M. &H, 

Kilns 

3 

Danville 

Hegclcr Zinc Co. 

M. &H. 

Spelter 

6 

Hillsboro 

Lanyon 

M. &H. 

Spelter 

3 

Hillsboro 

Lanyon • 

M. &H. 

Kiln 

1 

Taylor Springs 

A. Z. L. & S. Co. 

M. <feH. 

Kiln & spelter 

2—4 

Taylor Springs 

A. Z. L. & S. Co. 

Wood 

Spelter 

4 

East St. Louis 

A. Z. L. <fe S. Co. 

Hughes 

Spelter 

12 

East St. Louis 1 

A. Z. L. <fe S. Co. 

Chapman 

Kiln i 

2 

Burgettstown. .... . 

A. Metal Co. 

M. <feH. 

Kiln & spelter 

2-4 

Burgettatown 

A. Metal Co. 

Wood 

Spelter 

5 

Tiltonvillo 

Prime Western 

[ Duff 

Kilns 

4 

Mineral Poinfc 

Mineral l^t. Zinc 

1 Swindell 

Kilns 

2 

Pueblo 

U. S. Zinc Co, 

1 Duff 

Kiln & spelter ^ 

2 

Pueblo 

U. S. Zinc Co. 

1 Morgan 

Spelter 

1 

Argentine 

National Zinc Co. 

: M. & H. 

Kiln j 

2 

Springfiold 

National Zinc Co. 

M* & H. 

Spelter 

7 

GrassoUi 

Grassclli C. Co. 

M. & H. 

Kiln 

2 

Cleveland 

Grassclli G. Co. 

M. &H. 

Kiln 

2 

Canton 

OraHsclU C. Co. 

M. & H. 

Kiln 

1 

Cincinnati 

Grassolli C. Co. 

M. &H. 

Kiln 

1 

Now Castle 

Grassclli C. Co. 

M. &H. 

Kiln 

1 

Torre Haute 

Grassclli C. Co. 

Wood 

Spelter 

5 


<■ One moclifiod Duff with Chapmaa Agitator, 


Tho lllmoia Zinc Co. Swindell producers are built in the same manner 
us tho Hogolor down to tho combustion zone. With those producers, grate 
bars of square iron section hold tho fuel bed from the ashpit. When the 
morning work is done, a second set of grate bars is inserted throu^ the 
walls through tho toj) of the ash bed just below the combustion belt. 
When those are in place the lower sot is pulled, letting the ash from 24 
hr, operation into tho pit. When the cleam'ng is done, the lower set 
is replaced and the upper temporary bars pulled, allowing the contents 
of tho producer to settle. This operation pennits very little disturbance of 
the different fuel beds and is an effective system of cleaning fires. It has 
also great simplicity of both apparatus and operation. These producers 
are blown with jot blowers of tihe Schuette & Koerting type. In both, 
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hand poking through the top is used to keep the beds open and burn- 
ing uniformly. 

Fig. 2 shows the general grouping of these producer units. Three 
blocks of twelve units are used on each spelter furnace, and two 
blocks of eight units for each M. &. H kiln. At times when the ash 
does not give large clinkers, the morning work is done by simply mov- 
ing the permanent bars aside and working the material down into the 
pits with a bar. The sliding dump boxes are inclined to be smoky when 
a producer is under pressure and fill the house with gas at the dumping 
times. 



Fio. 2 .— Swindell pkoducer in opebation at Peiui, III., wobkh op It.HNois 
ZiNO Co. One batteby, ob unit, consists op poub fikkplaceh pkediko into a 

COMMON PLUB, OK STACK. TwO BATTERIES USED TO ONE SKVEN-IIWAKTU KILN, AND 
THEBE BATTBEIBS USED TO ONE 830-RETORT SPELTER PURNACE. 


Hand-poked, Wet Bottoms . — In this class are the well-known T'luff 
producers. At Depue there are six of the Duffs on the .speltiw furnacie 
gas equipment and fourteen in the roasting work. An 8()0-retort furnace 
of the Siemens regenerative type requires from three to four producers. 
The producers are of the usual design and are blown with Bchuette <& 
Koerting steam jot blowers, see Pig. 3. It has been found beneficial 
at Depue to increase the size of openings in the grates over that usually 
prescribed by the manufacturer. Especially in working up practice on 
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the ^er coals, this aids in the blow distribution. Against this, of course, 
is the more frequent cleaning required below the grates. 

Under normal working, the rate of gasification varies from 8 to 10 
lb. of coal per square foot of area per hour. It is well to note the fact that, 
on a spelter furnace, this average rate may be considerably lower than the 
actual rate required just before the charge is ''touched off.” These figures 
are not the limit of the capacity, but somewhere near the proper capacity 
for a minimum of labor coupled with a good quaUty of product. 

The cycle of operation begins with the removal of ashes from the 
water-sealed scows at 5.30 a. m. This operation is done by the regular 
producer man, one to each producer. Care is required in removing the 
right amount of ash, so that the combustion zone does not drop too low 
in the next step. As a rough indication of how much ash to remove, a 
good producer man will run his hand up the steel shell and locate fairly 
closely the top of the ash bed and the bottom of the comb lotion zone. 
Should the clinker be very hard, water is introduced by pipes into the side 
of the shell; this practice, although somewhat questionable, does make 
a brittle clinker. Its action on the brick lining, as can be imagined, 
is not particularly good. The tendency is to take out a little less than 
the make of ash for, say, three or four days, then as the accumulation 
begins to be noticeable in the operation, to pull down very low on the 
fifth day. 

Ordinarily the “making of the fire” is done at the same time the kiln 
or furnace is off gas, which occurs once at least in the shift. The steam 
being cut off, the producer man opens up all top poke holes preparatory to 
beginning work. It is advisable to have the fuel bed of green coal pretty 
well burned off at this time, so that the top is clear of gas. Beginning at 
one comer, a “first” shoe hole is made through the bed, which has been 
left arched over the cavity made by taking out ash. This is directly 
above one of the openings between the waU and the cast-iron grate. 
Working out from this by undercutting the edge of the hole, the ash is 
gradually poked down upon the grate, allowing the fire bed to follow 
from above but not to mix. Both sides of the producer are worked in 
this fashion. The loss of carbon in the ash during this work depends on 
the care of the operator. Naturally some coke is bound to bo tumbU'.d 
into the ash in tto imdercutting, but it need not bo serious wit,h close 
attention to the work. 

Another possibility that must be guarded against is the mixing of 
“float” clinker with the coke bed. When this occurs, the floater, no 
longer having the advantage of a high carbon content, is gradually sof- 
tened in the combustion zone and builds up with the Jfine material around 
it, resulting frequently in a very troublesome slab of cUnkor. 

When the fuel bed has been leveled off, the steam blow is turned on 
once more and a thin bed of coal is fed upon the made fire. The producer 
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is now in shape for the next shift. When possible, dumping through 
the bell hopper should be done at regular intervals. The gas will be of 
greater uniformity, a condition important to the best metallurgical 
results. 


Schedule 



Producer 

Hole 

Time of 
start 

Poking period 
in 

minutes 


c 

2 

10:56 A.M. 

2 


c 

3 

10:58 

2 


c 

6 

11:00 

2 


c 

7 

11:02 

2 


A 

2 

11:10 

1 

A 

3 

11:11 

1 

/ 30^ 

UO A Os 
\ ^Oo , 

) B 

1 

3 

11:12 

11:23H 

2 

4 

V o?y 

B 

2 

11:28 

4 



Observer out 2 hours 


/xP\ 

(.0° B n. 

, D 

3 

1:23 p.M. 

3 
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FlO. 4. — PoKINO HCIIEDULB, DOPE PE 0 DUCBE 8 , No. 1 EUENACB. 


Tho agitation of the fuel bod by hand poking does at least three things: 
It closes tho channels, spreads the piles of freshly dumped coal under 
tho bolls out to tho edges, and breaks up tho sticking of material in the 
bod. Tho experienced producer man systematically pokes one hole on 
each aide of tho top at intervals. In the case of a six-hole top and 20- 
min. intervals, ho will got over his bed once every hour. The most 
effective barring is done by beginning with a vertical motion of the poker. 
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until the area commanded by the holes has been thoroughly broken well 
down to the ash. This straight up-and-down breaking is simply hand- 
churn drilling. The poker is then run down into the bed and given a 
sideways stirring movement; beginning near the surface^ this should be 
continued well into the bed. At the surface, this movement spreads the 
coal, but farther down closes up the holes and makes the distribution of 
the blow more uniform over the cross-section of the producer. Here, too, 
is an opportunity for a mixing of ash with burning coal, with its trouble- 
some results. The practical management of the producer is not a little in 
knowing how seldom to do this poking, for it can be overdone. Fig. 4 
shows the actual spacing of this work by an experienced producer man, 
working from the appearance of the fires. 



Fig. 



SECTION D-D 

5 . — Spelter kilns, Duff gas producer, details of grates. 


The ratio of air to steam can be roughly adjusted 'at the blowcT, luit 
for anything like a uniform coal, it is best not to allow producer mem very 
much latitude with these adjustments. A short time will teacjh a griHUi 
man that he can lessen his hard muscular work by a large (quantity of 
steam. Steam, of course, is objectionable for metallurgical reasouB 
and because of excessive steam consumption. Especially on very fin<^ 
slack, the box blow under the grates must be cleaned often, and this is 
best made a routine affair. In cleaning or slicing the tops of the grai.e 
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at monthly intervals, the following procedure is carried out: Shovel 
out ashes, cut chute through to ridge, the top hanging from 
clinlcering, widen chute to ridge, slice gi’ate face, do the same on other 
side of gable, thus finishing the producer. The shape of the slots in the 
grate is so arranged as not to blind easily. The one finally adopted at 
Depue is shown in Kg. 6, as is the latest cast-iron support. 


Modh'ibd Duff With Chapman Agitator 

The Chapman floating agitator, as shown by Fig. 6, has a horizontal 
raI)blo bar with projecting fingers that plow the fuel bed. This rabble 
extends nearly the diameter of a circular producer. It is attached, to 
the end of a central shaft, which is revolved by a small motor, acting 
through an eccentric and ratchet to a worm gear. The speed of the 
central shaft is about 5 r.p.h. The central shaft has a spiral driving lug 
that permits a 24-in. (G0.9 cm.) lift from the lowest position of the rabble. 
Twelve loose weights, of about 70 lb. (31 kg.) each, may be placed on top 
of the central shaft, if required, to hold down the rabble arm. All 
parts extending inside the producer arc water-cooled. The cold water 
enters the top of the vertical shaft through a swing joint and is carried 
by an inside pipe to the fingers, where it is discharged and forced back up- 
between the outer and inner walls. After cooling the rabble arm, the 
water is discharged from two overflow pipes on the central shaft into a 
sort of catch basin over the feed hopper. A spillway then drains the 
water into the hollow chamber surrounding the feed l)oll, where it also 
cools the tripod bearing. The final overflow is from the above chamber 
just below the floor level. The charging door, feed hopper, and feed 
l)oll are on the same principle as the old Duff and are operated by hand. 
The makers guarantee this machine to eliminate hand poking, and to 
seal off blowholes, giving a greater efficiency and capacity. 

luKlallation at lioaat Kilns at Depue . — ^Tho producer originally was a 
7 by 0 ft, (2.1 by 2.7 m.) rectangle inside a round stool shell 12 ft. 3 in. 
(3.7 m.) in dianmter, as shown on Fig. 3. This illustration shows two 
blowers, but all producers are operated with one blower. The old bricks 
were (.oru out and the shell lined with a firebrick wall about 12 in. (30 
cm.) (hick, as shown in Fig. 7. The grates are of the “A” type with 1 
in. (2.5 cm.) slots, soo Fig. 6, and extend lengthwise of the original 
rectswigle. Ulank grates wore added to incroiise the length to 10 ft. 3 in. 
(3.1 m.). The grates wore blanked off 16 in. (40.6 cm.) on each end, 
Uuiving seven open grate castings on each side. The following is the 
present practice usetl in operating the mechanical-top producer. 

Labor. — Originally, there wore two producer men on the first shift. 
With the softening of the clinker and the adoption of better methods. 



858 


aAS-PEODTJCEE PEACTICE AT WESTEEN ZINC PLANTS 



Agitator moves up & down 
automatically according to 
the force required to revolve 
the agitator thru the fire hed 


'Kemovahle stirring fingers 
water cooled and made ef 
high carbon steel 


I Manhol*' rdwH^ll 
I ho i>rovl»lod t’oj 

I mnyikg rcpalrr 

poM nlirlHg ittUr 


Fia. 6. — I^OAMNG AGITATOB AKD KBED BOE STAISONAET GAS FBOBtrOlE* 
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the labor of “breaking down” decreased, until it was possible to carry 
but one man on the first shift. There are three 8-hr. shifts of one man 



FlO. 7.- (hlAI-MAN FDOATINO AGITATOR INSTAUUBID ON REMO0BI-EB DUW QAS PRO- 

DtJCBR AT ROAST KIRNS. 


each, 7 a. u. to 3 r. u., 3 p.‘M. to 11 p. m., and 11 p. m. to 7 a. m. 
'riiero is of course more work for the man on the first shift, but as the 
shifts rotate every two weeks, it balances in the long run. 
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Removal of Ashes* — The height of the rabble arm determines the 
amount of ashes to be removed. The removal of one wheelbarrow (about 
380 lb. (172 kg.) dry weight) of ashes will allow the rabble arm (if lifted) 
to settle a little more than 1 in. (2.5 cm.); that is, provided the ashes are 
.taken out equally from both sides of the producer. The aim is to have 
the rabble - arm lifted about 2 in. after it has leveled off the bed from 
“breaking down” in the morning. For example, if the arm were lifted 
10 in. (from lowest position) at 7 a. m., three wheelbarrows of ashes 
would be removed from each side. After breaking down the fire and 
allowing the rabble arm about 1 hr. to level off the bed, the arm would bo 
lifted about 2 in. Lately, it was found that after removing ashes from 
both sides and not breaking down, the rabble arm settled itself. Accord- 
ingly, in order to lessen the work of breaking down in the morning, ashes 
are removed either during the afternoon or night or both, as the height 
of the arm warrants. In nearly every case the rabble arm has settled 
in from 1 to 2 hr. Ashes are always removed before breaking down the 
fire, and it is important that about the same amount be removed from 
each side. 

Taking out ashes -usually occupies about hr. in the morning. The 
ashes are loaded from the producer into two-wheeled carts holding (when 
fully loaded) about 560 lb. (249 kg.) wet weight. The wheelbarrows are 
dumped into the skip of an electric hoist, which the men operate us they 
use. The skip holds two wheelbarrows of ashes, and carries them from 
the producer cellar to a chute over a standard gage railway car at ground 
level. 

Breaking Down. — ^Breaking down is done in the morning after taking 
out ashes. The steam is shut off and the dampers of the Swindell valve 
at the kiln are set to draw from the producer directly up the stack. Bars 
1 in. (2.5 cm.) in diameter by 13 ft. 6 in. (4.1 m.) with a largo hand ring 
and a blunt end have been found the most satisfactory for tlio main 
work. 

Fig. 8 illustrates the following description of operations, which, while 
not always the same, are generally as given. Through hole 1, the bar 
is put diagonally across the grates and a hole about 18 in. (4.6 cm.) in 
diameter is punched through the bod as close to the gi'ates jus possible. 
This is extended as a slot parallel to the grates from tho center to the 
corner. The operation is then repeated through hole S, care being tak<'n 
to punch all clinker down and mix in as little coke as possible. Through 
holes S and 4 a corresponding slot’ is cut on tho opposite side of tho 
grates. Shorter and lighter bars, % in. by 12 ft. 6 in., are tlion used 
through holes S and 6 to break down the comers where tho grattw meet 
the wall. 

Usually at this stage the arm is started rotating, and, if the bod does 
not settle evenly, bars are put through holes 7 and 8. Any largo pieces 
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of clinker that may remain on top are picked up by the stirring fingers; 
these are broken up with light bars as the arm revolves. Breaking down 
usually requires about 40 min. for one producer man unaided. 

N umhers show the t 



Fir mg.— -Aiior the bed is broken down the dampers in the kiln are 
fi<d pi*()p(irly, the cups placed in the poke holes, and the steam turned on. 
'I’wo full hoppers of coal (about 400 lb.) are dumped when starting, 
'rhen in about 10 min. two more full hoppers are dumped. From then 
on th<^ producer is fired every 16 min,, about 200 lb. to a charge. The 



862 


GAS-PRODUCER PRACTICE AT WESTERN ZINC PLANTS 


producer man watches the fire and, if required, dumps an extra charge in 
between the regular periods. 

Water Cooling . — The water-cooling system has been very satisfactory. 
One of the stirring fingers was unscrewed after the producer had been in 
operation 2 mo. and it showed practically no deposit. The volume of 
water used is about 9 gal. (34 1.) per min. The temperature of the water 
from the last overflow is usually 100^ to 120° F. (38° to 49° C.) with the 
water entering the producer at 40° to 50° F. (4 to 10° C.). 

Maintenance.— The producer has not been in operation long enough 
to determine its wearing qualities. The only parts showing wear are the 
cast-iron dogs on the ratchet drive. 

Cleaning Flues— The gas from the producer enters a 27-m. (68.5 cm.), 
inside diameter, brick-lined flue about 12 ft. (3.6 m.) long. It drops 
from this to an underground brick flue 2 ft. wide, ft. high, and 196 ft. 

long, to a 27-in., inside diameter, riser leading to the damper box. The 
first flue has an end door through which a scraper and air blast are used 
to push the soot and dust back into the producer. The underground 
flue has clean-out openings, about 16 ft. (4.8 m.) apart, through which the 
deposit is removed with long iron-handled shovels. The air blast, which 
is a long K-in. (19 mm.) iron pipe reduced to in. (9.5 inm.) connected 
to a %in. hose, is used for a final clean-up in the underground flue. 

All producer flues, corresponding to the first flue mentioned, are 
cleaned every 2 wk. The accumulation from the mechanical producer 
in this flue is more than twice that from one Duff. This underground 
flue requires cleaning every 2 to 4 wk., while the othera run from 3 to 
6 mo. This condition is largely duo to the low temperature at which the 
producer is operated; also to the length and cross-section of the under- 
ground flue. This one is about 33 ft. (10 m.) longer than the others 
and has the same cross-section. 

COMPARATIVE! TeST 

A test was made for 5 days, comparing the mechanical top producer 
with two Duff producers. The two Duffs supply gas to No. 6 kiln 
through an underground flue 163 ft. (49 m.) long, about 33 ft. shorter 
than that for the mechanical on No. 5 kiln. The coal used at both places 
comes from the same car. An effort was made to keep both kilns at the 
same temperature, and that normal. The following methods wore used 
on the test: 

Coal Fired.— Tvro platform scales were used, with a largo ash can 
holding 200 lb. (90 kg.) of coal on each. All coal used on tho mechanical 
and on each of the two Duffs was weighed and a grab sample taken from 
each can to be split down every day. Those samples woro run in the 
main laboratory. 
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Ashes Removed . — The two-wheeled carts used for ashes hold, when 
fully loaded, about 650 lb. of wet ashes. The quantity of ashes removed 
each morning was estimated from the wheelbarrows. The ashes were 
sampled by putting every tenth shovel full in a separate pile and split- 
ting it down. These samples were run for moisture and fixed carbon. 

Gas . — One sample was taken from the mechanical and a “half and 
half” from the two Duffs every hour, and run in the kiln laboratory 
for CO and COa by the Hempel method. 

Steam Pressure . — There is one gage for the two Duffs and one on the 
mechanical, these were read every 3 hours. 

Height of Rabble Arm . — The number of inches the arm was raised 
above the lowest position was measured every 3 hours. 

Summary of Results . — ^Below is a summary of the average results from 
the 5-day test: 


Coal (as fired) burned daily, pounds 

Dry ash removed daily, pounds 

Fixed carbon in ash, per cent 

Dry ash to dry coal, per cent 

CO in gas, per cent 

COj in gas, per cent 


Mbchanzcal 

Two Durrs 

19,120 

22,880 

2,560 

4,500 

15.3 

32.3 

14.6 

21.5 

19.2 

18.7 

6.1 

5.4. 


Table 3 shows the results obtained each day. The coal used during 
the tost came from two cars, both run of mine, the first from Marion, 
III., and the second from Benton, 111. 


Coal Analyses 


AftKt VOIGATXLB FlXUD HiO* 

PbbCbkt.Pbb C»ot. 


l«t day — Mation nm of mine .. . 

10.3 

2.6 

35.0 

54.7 

S,7 

2d das^—Marlooi run of mlno.» . . 

11.7 

8.0 

84.4 

63.9 

8.5 

«ld day— Bonton run of mine .... 

8,9 

2.4 

34.4 

66.7 

6.6 

4th day — Bonton run of miixa . , , . 

10.6 

2.0 

34.8 

64.7 

8.8 

6th day— Bsntott run of ndno .... 

11.8 

3.3 

88.8 

40.4 

10.4 


B.t.u. 

13,021 

12,617 

12,896 

13,647 

12.586 


The bod area of the mechanical producer is 82 sq. ft. (7.6 sq. m.). 
The coal burned is 234 lb, (1142 kg. per sq. m.) per sq. ft. Deducting 
I hr. tho producer is shut down, the coal burned is 10.2 lb. per sq. ft. per 
hr. Tho bod area of each Duff is 63 sq. ft. or 126 sq. ft. for two Duffs. 
Tho coal burned is 181.6 lb. por sq. ft. Deducting 2 hr. the producers 
are shut down, tho coal burned is 8.26 lb. por sq. ft. per hour. 
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^ Ash hoist out of order on fourth day. 



G. S. BROOKS AND C. C. NITCHIB 


865 


Depth of Ash and Fire Bed 

The depth of bed varies with the kind of coal fired, lump or fine, 
and with the amount of ashes removed and the time they are taken out. 
The height the arm has lifted above the lowest position gages the depth 
of the combined ash fire and fuel bed. The center of the arm at the low- 
est position is 14 in. above the top of the grates. The center of the arm 
is about 4 in. below the top of the fuel bed in average running. This 
gives 18 in. to be added to the amount the arm is lifted to obtain the 
depth of combined bed above the top of the grates. 

The depth of the fire bed was obtained by putting a %-in. (19-mm.) 
pipe 13 ft. (3.9 m.) long through a poke hole and forcing it through the 
fire bod. The pipe was left in until heated a bright red at the fire zone, 
and the rod part measured after the pipe was withdrawn. The results 
obtained can only be approximate. 


Before breaking fire 

9 A. M., ash bod not leveled 

12 noon 

3 P, M 

Abm Lifted, 
Inches 

. . . . 10 

.... 4 

.... 3 

6 

Depth of 
Total Bed, 
Inches 

28 

22 

21 

24 

Depth of 
Fxbe Zone, 
Inch es 

12 

5 

6 

8 

6 P. M 

About 1000 lb. wet ashes removed 8 p. m. 

.... 9 

27 

10 

9 P. M.. ; 

. . . . m 

27M 

10 

12 midnight 

.. . . 11 

29 

11 

3 A, M. 

.... 12 

30 

11 


About 1 200 lb. wot ashes removed 3.30 a. m. 

COMPABATIVK LaBOK CoST 

The c()«tR given are biiBOcl on present wages. The cost on the pro- 
with mo(;hanioal tops is taken from the one that was installed. 
Fig. 9 shows the arrangement of producers. 

MwetrANicAii Tor was iNSTAiiLwn: 


lat Hhift, 12 mon at $3.00 $ 47.62 

2 head men at $*1.04 S.08 

2d shift, 5 men at $3.00 19.80 

2 head mon at $4.04 8.08 

3d shift, 6 mon at $3.00 19.80 

2 head men at $4.04, 8.08 


Total, 28 mon $111,36 per day 


Wmi ONiRi Mkohanioai^ Tor: 

1 man at $3.90 less than above on Ist shift (otherwise the 

same) 

voti. mn.— fifi. 


$107.40 per day 
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Pbopoi^bi) Latottt, Five Additional Tops: 


1st shift, 6 men at $4.25 $ 25.50 

1 man at $4.04 4.04 

1 man at $3.96 3.96 

2 men at $3.52 7.04 

2d shift, 3 men at $4.25 12.75 

1 man at $4.04 4.04 

3d shift, 3 men at $4.25 12.75 

1 man at $4.04 4.04 


Total, 18 men $74. 12 per day 


N<J. 1 Kiln No. 2 Kiln No. 6 Kiln 



No. 8 Kiln No. 4 Kiln No. 6 Kiln 


PRODUCER LAYOUT. BEFORE MECHANICAL WAS INSTALLED 

Isi Shift, 14 Men, 1 Man to each Producer 
2nd “ 7 “ 1 “ “ “ Kiln 

3rd “ _L “ 1 “ 

Total 28 “ 


O©0OOO 



O © © © 0 

PRODUCER LAYOUT. WITH ONE MECHANICAL: (PRESENT PRACTICE) 

1st Shift, 13 Men, 1 Man on Mechanical 
2n<l “ 7 “ 1 “ to each Kiln 

Srd “ ^ “ 1 “ “ “ “ 

Total 27 “ 



No. 1 Kiln No. 2 Kiln No. S Kiln 



Kaslciln No.TKUn NoTTicUn 

PROPOSED LAYOUT, WITH SIX MECHANICAL TOPS 


1st Shift, 10 Men, 1 Man on each McclKanical, 2 on No. » Ktliu 2 outtm 
2nd 4 1 for 2 Mechanical Topa. X on No. 9 KStn 

Srd. ** 4 ** I 2 ** M (k* Sr 

Total 13 


Pro 0, 
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Swindell Producer, Water Bottom . — This producer consists of a water- 
seal bottom, thus differing from the Illinois Zinc Co. producer, and has 
built into its sides a bosh below which are set the inclined cast-iron 
grates. The blow is introduced at the bottom of the grate, which con- 
tinues at the inclination of the narrowing sides. The feed hoppers are 
of the sliding box type. This producer is used at Mineral Point, Wis. 
Fig. 10 shows the general dimensions and arrangement. At this plant 
they are gasifying 5 or 6 tons per day, which gives 10 lb. per sq. ft. 
(48.8 kg. per sq. m.) of area per hour, or practically the same rates as at 



D(^pue. Screenings through IJi-in. (31.75-mm.) mesh are used as fuel, 
th(W(^ coming from Cranville and Cherry, 111. In addition. Southern 
Illinois run-of-mine coal is being used. The experience with washed “nut” 
Hhow(«l unusually good results, but the cost made this material prohibitive. 

The producers are cleaned down once in 24 hr., at which time the 
false bars are driven in through the ash bed, and the work is carried on 
tmuih the same as at Peru. The average thickness of ash below the 
blow is at first 3 to. 3J4 ft- (0.9 to 1.0 m.). It is intended to leave 6 in. 
(Ifi (un.) of ash ov(5r the top of the grates. This, of course, increases as 
l,he shift progresses. The fire bed itself varies from 2 to 4J^ ft., and its 
poking is hdt to the judgment of the operator, rather than to regularly 
timed periods. The gas made runs about 5.4 per cent. COa to 23.0 
per cent. CO after the producer has settled down to regular work. The 
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blowing apparatus consists of a M-in. pipe drawn to a }4r^- opening and 
projected into a 6-in. cast-iron pipe, which, in turn carries the blow into 
the internal pipe. 


* Dry-bottom Mechanical Producer 

Hughes . — The Hughes dry bottom, Fig. 32, was the first mechanical 
producer to be successfully adapted to the western slacks. An early 
type of the revolving producer, which was not a succe^ on Illinois coals, 
was a trial of two Taylor dry bottoms on one block of 800 retorts at the 
Illinois Zinc Co.’s plant about 1892. Fig. 11 shows this producer. 

At the Dcpue works, where the Hughes was first tried on this material 
in 1912, some time was required to develop operating methods, which 
permitted this producer to handle the varying grades of fuel. This type 
is now seen at both Dcpue and Granby. The operation becomes at 
once one in which maintenance is nearly as important as labor. Not 
that proper handling is less important; but the total man-hours per ton 
burned is much loss and the upkeep of the apparatus greater. With 
this machine, six modifications have been made to meet the conditions 
and fuels at Depue. 

1. The cast-steel spiders that support the central blow formerly 
caused some trouble from failure. This occurred only when handling 
the lower grade coals, which were high in ash. It was believed at first 
that proper cleaning down, i.c., not drawing down the ash bed so low, 
would stop this trouble. However, even with the most careful watch- 
ing, conditions of great variation in the quantity of ash have developed 
and, occasionally, at such times the best of producer men would draw 
down hot clinker and coke and soften these castings. A sudden change 
in this ash content is very apt to change the thickness of the combustion 
zone and the depth of the ash above the hood. Usually, at such times 
the producer is “off feed” somewhat and the clinker may be hard to 
break down (wenly. Then there is a tendency for some of the coke to 
“run,” in other words, to rill down with ash where it does not belong. 
Any producer man is likely to pull his ashes either too little or too much; 
in the latter case the castings suffered. 

In studying this, it was clear that uniform, bettor grades of coal would 
probably cause little annoyance at this point. It was, however, the 
aim at Dcpue to tend more md more toward the less desirable coals 
and endeavor to build up a producer practice that could handle lower 
cost materials. For this reason, a steam-cooled box girder section was 
worked out by the Mineral Point organization and the Wollman-Seaver- 
Morgan Co. ; this is shown in Fig. 12. At the cleaning-out period, about 
6 lb. pressure is kept on the blow, which insures a circulation of steam 
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and air up through the central blow column, which in turn aids in cooling 
the spiders. In yr* we have had no trouble from these arms. 
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has SO distorte'd its upper circle as to allow the entire ring to drop upon the 
ash pan. Of course the hood must follow. In order to make this more 
sturdy, a change has been made in the fastening by adding steel clips 



and bolts at the top, as shown in Fig. 13. The original design is .shown 
in Fig. 14, with clips to hold the old-^tyle plates in place. 

3. In mending poker ends, which have a life of from 5 to 6 mo., the 
following method has been adopted: Castinp of stool are made of vary- 
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ing lengths, as shown in Fig. 15, to take care of the different amounts 
worn off. The worn poker is machined to a square end and the casting 
held with a Thermit weld. Of course these pokers wear more on the side 
that approaches the lining at the end of the stroke; - at this point the abra- 
sion is much greater from wall -clinker. 

4. The blow nipple, which is usually installed at in. (7.9 mm.), has 
been changed to in. (15.8 mm.) ; the steam consumption can now be 
held low by operating at a lower line pressure, and at times of emergency 
there is less sluggishness in driving a producer up to a higher rate of 
gasification. 



6. All overflows from the top carrjdng the cooling water are protected 
by vortical skimmers, much like those- used on jig-screen discharges. 
This is to prevent the tar and soot accumulations from choking the pipes. 

6. A flat-plate top modification was foxmd necessary for the blower. 

With coals that are high in tars, it is well to cany an extra poker, 
cross-head, and supporting trunion so that when it becomes necessary 
to change pokers there need be little delay from sticking in taking the 
head to pio(;es. 

The W(41man-Seaver-Morgan Co. is now putting out a poker with a 
tip of high-(^arbon steel that is screwed into the end of the casting. It is 
the aim to twist tlio poker in the trunnion. every 3 mo., by which the life 
of an end may be lengthened. Of comse it may be rather serious when one 
of (h(\se pokers Ix^gins to leak during a shift. At such an emergency, if 
th(^ waitu is cut off and the poker pulled at once, 'hand poking, if promptly 
and prop(a*ly done, will carry the shift along until a new poker can be 
sul)sti(,utc(l Sometimes, by cutting the flow to the poker to a minimum, 
so ibat llui Icuikage into the fire bed is negligible, the poker will hold up 
utiiil ilit^ md of the sliift. It is convenient, in handling these repairs 
rapidly, to inc.orporate in the building frame a rail and crawl over the 
c<mi(u line of the poker trunnions. From this depends a chain block, 
frotit whi(5h the c.astings are lowered into place, 

Tlie labor of ^Muoaking down^' a Hughes is shown by a typical motion 
study on Fig, 10. Fig. 17 is a diagram of the producer operating condi- 
t ions, sliowing various fluctuations as handled on one Illinois slack. 

Figs. 18 to 21 show the work of a battery of one Hughes and one Duff 
making gas for a 7(>0-rct<)rt furnaoe. 
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Fra 17. — Test on Hughes 
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Fig, 20.—Pbodtjc®k operation, No. 5 
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Wet-bottom Mechanical Pkoduceb 

Chapman . — The construction of the Chapman producer is shown in 
Fig. 22. The two-speed shell gives a twisting to the fuel bed, while the 
stationary tuyere at the bottom functions also as a crusher of clinkers. 
These are subsequently raised by plows from the water scow with plows 
attached to the revolving shell. A magazine feed at the top serves also 
as a fuel-bed leveler, which latter operation is aided in some cases by 
a slicing loop hanging from the producer top into the fire bed. These 
producers are used at both Depue and E. St. Louis, and four have 
been installed at Peru. The maintenance of these machines is the only 
important point not yet fully determined. Should the abrasion inci- 
dent to keeping a fuel bed open include both the central hood or side 
plates instead of an easily replaced poker, there will be some question as 
to its fitness under long service on western coals. 

The chief difference in the handling of this producer and the Hughes 
is mainly in: Continuous discharging of ash, regulation of beds, and 
feeding. 

Although the producer is stopped for some time at least once at the 
beginning of each shift, there is seldom much done in normal clearing 
out of ash or accumulated clinker from the preceding shift. In fact, 
the producer remains in a quiescent state and the beds are accordingly 
not disturbed. Should tlie routine work on the valves or flues require 
longer than usual, it is well to allow the producer man to put on a small 
amount of blow with air “full on” in order to maintain a proper bed 
tomporaturo for efficient work when the furnace starts. The principal 
moans for controlling the proper ratio of bed doptlis are: Rate of ash 
withdrawal by changing angle of the plows, rate of feed, and distribution 
of blow on tuyere. 

Hand poking is seldom required with a proper location of the ash 
and fire bods in relation to the twisting zone. The first adjustment 
requires some patience to work out, but with watching can be handled 
within fairly close limits. 

A change added by the Chapman Co. is the Shelby steel water-tube 
drag, which is counter-weighted and himg into the top. It functions 
both m an agitator of the groon-ooal bod and a fuel leveler or distributor. 
With the tar and soot of a cool top, tliis is apt to give trouble from 
sticking at the higher level. With some shicka, the ash-bed resistance 
is so groat from packing and clinkoring that it is impossible to blow; 
in which case it is out of the question to carry the top of tlie fuel bed up 
to the magazine level. At such times, the combustion zone is pulled 
well down over the hood and the feed does not function as a spreader or 
magazine. 




Fig, 23. — ^Test ok Chapman producer, 
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For a period of 41 days on one producer no real breaking down of the 
producer was required, and this on Illinois slack. Fig. 23 shows a 
detailed study of this operation. The double feed hopper, which is a 
later developnaent, is a real improvement over the original magazine 
arrangement. 



Wood rroduccr . — The general make-up of the Wood producer is 
shown in Fig. 24, embodying a stationary top, a revolving shell, an ash 
pan and water-seal bottom. Through the top of the producer are curved 
water-cooled pokers, which are raised and lowered through the bed. The 
ash is (lisoharged in much- the same way as on the Chapman. This 
producer hiis not the appearance of being very heavily armored against 
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wear. It is said to gasify as high, as 30 tons of coal per 24 hr. The Wood 
producers are in service at Meadowbrook, Burgettstown, Terre Haute, 
and Taylor Springs. From all reports they have shown a greatly increased 
efl&ciency in comparison with the Hegeler generators, which they have 
generally replaced, requiring 37 to 40 tons of coal per block per day as 
against 55 with the older type. Satisfactory operation is much easier 
than on the Hegelers and the maintenance moderate. The life of the 
poker is about 6 months. 


Blowers 

The three appliances used to furnish air for combustion in the pro- 
ducer are fans, steam jets, and turbo-blowers. Of the steam blow- 
ers, the Schuette & Koerting of the general Eynon-Evans type is most 
often seen on Dufif installations, while the Chapman and Hughes have 
their own proportioning of a series of concentric nozzles. Simple steam 
jets on cast-iron pipe are seen, but these are not of easy or complete regula- 
tion, as are the other types. At the best, any of the blowers are not very 
easy to regulate. With the great variation of the moisture content 
in the air pumped into a producer, there is no very effective way of keep- 
ing the proportioning of water and air correct. Blowers that can quickly 
meet the exigencies of the work and at the same time maintain the 
proper ratio are not simple to build. For example, this ratio will vary 
greatly with a high or low pressure under the beds. A close control 
can be had only when the blowing apparatus can force through a required 
quantity of air with a definite percentage of water, regulated in turn by 
some type of humidifier. This should be possible in spite of a change in 
bed resistance. Although fair results can be obtained with these crude 
devices, it is likely that they will be improved, both in respect to economy 
in horsepower used per cubic foot of air blown, as well as in control of 
air and water ratios. 

At some German installations, a small quantity of producer gas is 
by-passed to be burned under a steam vaporizer; the vapor is then mixed 
with the desired quantity of air and blown into the producer. This 
S 3 ^tem would appear at a slight disadvantage compared with using waste 
steam and a positive blower as proposed in this country. On steam- 
blown producers, the usual consumption of pounds of steam per pound 
of coal burned is about 0.4 to 0.6 ; at Depuo 0.5 is a fair average. Certain 
blower manufacturers are now claiming, however, less steam than this. 

Fig. 25 gives some of the data of the three most generally used blowers; 
some of this is works’ information and some furnished by the manufac- 
turer. Figs. 26 and 27 show the construction of those used on the Hughes 
and Duffs. A point not provided against jby the manufacturer is the 
possibility of small pieces of clinker falling into the blower and plugging 
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Steam Consumption — Hughes Blower 


Steam pressure 

Size of nozzle 

Lb. of steam 
per hour 

/25 

y& 

397.5 

/15 

% 

240.0 


/ Extra yi'^ Steam Pipe-One turn of 
Globe Valve. 

Note : Back Pressure = }if' of water. 

Steam Blower Comparison 


Area of Noz25les 


Section 

A 

1 

B 

C , 

D 

Old type 

New type 

0.150 

0.150 

0.307 

1.623 

1.623 

5.412 

5.412 

i 

Section 

E 

P 

G 

H 

Old type. . . 

New type 

13.36 

13.36 

26.96 

25.96 

51.85 

1 61.85 

132.73 

132.73 



Ncnv 'rype Blower No.6 C 
CHAPMAN BLOWERS 


Counter pressure, in. of waterl 



.p 

a. 

Old type I 

New type 


§0) 

!? 

n 

Is 

m ^ 

i Steam tempers 
1 Degree F. 

f Pounds of stea 
1 Used per houj 

.s 

d* 
il oo 

.^00 

.3 

d* 

Is 

'.'gS 

Orifice == 

70.356 sq, in. 

Orifice = 

: 48.708 sq. in. 

.3 

d* 

oo 

gS 

iJgS 

Orifice = 

I 70.356 sq. in.: 

Boiler h.p. A.S 
Standard 

20 

267 

279 

1.1 

0.8 

0.7 

1.7 

1.4 

1.3 

93 

40 

262 

435 

2.4 

1,8 

1.5 

3.2 

2.6 

2.3 

145 

60 

301 

688 

3.6 

2.8 

2.3 

4.7 

3.9 

3.3 

136 

80 

018 

739 

4.6 

3.8 

3.1 

6.3 

6.1 

4.3 

246' 

100 

836 

889 

6.8 

4.7 

3.8 

7.6 

6.2 

6.4 

293 



Fw. 26. — BliOWHa DATA, 0A8 JPKODUCBRB. 
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the nipple. The ordinary blower, after a few months of service, is not 
easily taken down for cleaning, as it is always rusted. A piping arrange- 
ment should be put in that can be quickly and easily removed and the 
nipple cleaned. 


aiMKi) l^ann Vo. 15 

MINERAL POINT ZINC CO- 

NASSAU PLANT 

SPELTER DEPARTMENT 


DAILY REPORT OF GAS ANALYSIS FOR Fsb. 1, 191 5* 


FURNACE NO.. . X ... 

FURNACE NO. ...2 . 

FURNACE NO. 3 • 

TiMi; 

IE9i 

CO 



■Di 





TIHC 

mm 

wm 



Of H 

H; n 


27.2 



10 

' »>.o 

:JAjd 



10 

.... 7 .F.Q.. 

21*0 







6^0 

.„ZluS 



11 




.1... 

5...6 

. 26 « 4 . 











1..... 


...2.7 juQ 



2 

6.0 

M»Si. 



2 

p.8 




2 


. 2 . 7 .«Q 



J,, 





..'J... 





X„.„, 

....Sa.O.. 

24.0 



.5... 






.».. 5 i-. 4 . 




5 


J£mA 



a.., 


49..t.4. 

26.4 



a... 





.8..... 

.... 3 .A.Q.. 

.lAjd 



.10. 




........XQ... 

s.o 

_2i*.< 



IP..... 


. ?5.f4 



12 

4*6 

26.6 



12 

4.2 

24-0 



12 

4*4 

25^2 



IMIMfK 

mm 

R|H 



1 

•>14 




1 

BIS 




mmmf 

■13 

HIS 






25.8 



5 _ 

.5^ 

24*C 



Avg* 4*9 26*2 

Avg* 4*6 24.7 

ATg. 4*6 24.7 

FURNACE NO. 4 . . 

FURNACE NO 3 . . .. 

FURNACE NO. . . 

TIMR 

B9i 




wm 

KB 

■a 



HQQI 

mi 

wm 



.IQ.... 

U... 

.. I.. 



3 

.... 5 .. 

8, 

IQ. 

12 

„ 1 

1 

, 27 .».Q 

26 ,P 

i.. 2 &A,l 6 

23 o.Q 

?8.*4 

.27.11.0 

26*0 

, 


10 

3*4 

27i6 











25 . 0 . 









1... 

,.5.f.§:. 

33jS. 












2 







,,.......3.. 

. 4 . ft,. 

,., 21 » 0 . 








.. 4 . 4 .. 

. 5,r4. 

6.4 




5 

4*6 

, 25.4 





' 






_4Aj 

24*2 


’ 

... ..... 


.. 25.»0 

25.6 

26.0 





-y 

BUM 


'imi 



in 

26^0 

. 








MRI 

wm 

IIMHMMIM 


iHfll 

im 

BE) 










ncMARKii 


Fro. 28* — TYPiCAii daily sukkt. 

Quality of Gas 

With tho price of coal low, as it is at most plants, the question of 
quality of products at the gas plant is not always given the closest at- 
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tention. There is, however, a growing tendency to keep more complete 
data on this point. There are certain aspects of the subsequent combus- 
tion in the furnaces and kilns that make the quality important, regard- 
less of the question of a little more or less coal burned. With this in mind, 
some plants sample the gas regularly and even pay bonuses based on analy- 
ses. To those who have practised this over a period of several years, the 
results are seen to have easily justified the expense of such controls. 
These gains are incontrovertible, both as to ultimate fuel economy and 
metallurgical practice. In effect, they are valuable from two angles, 
first, a comprehensive knowledge to those in charge of the average working 
condition of the gas plants from month to month and, second, a help to 
those who are actually doing the work on the producer floor. 

At Depue, samples are taken at 2-hr. intervals and reported to ea,ch 
individual battery and to the gas-house foreman, while the entire daily 
results are entered for record. A modified Hempel method is here used, 
with mechanical-shaking apparatus and such conveniences that one boy 
can handle all the work on a twelve-furnace plant. That each producer 
crew may shape up the work extra well just before sampling periods is 
natural, but, on the other hand, a fit producer will do passable work for 
at least l}i hr. more, so a fair average condition of machine and gas is 
maintained. Kg. 28 shows a typical daily sheet. In addition, a portiiblc 
Smith calorimeter is used for continuous work; the principle and design 
of these instruments is well known. On bituminous-coal gas, additional 
filters are necessary to keep the machine from fouling on tars, dust, etc. 
Mineral-wool filters are used as roughers and largo size filter paper for 
the final cleaning. 

In testing the accuracy by analysis and computation, the most re- 
liable values for the heats of combustion of the different constituents 
are assumed to be those used by the Bureau of Standards at Wjwhington. 
These are the means of values found by a number of observers as given 
in Landolt-Bornstein-Meyerhofer’s “Physikalisch-Chomischo Tabellen" 
3d Edition (1905). They are said to be reliable to about 2 per cent. Those 
have been corrected to give the so-called low values for those constitu- 
ents containing hydrogen, as the Bureau values assume that the water 
formed as a product of combustion is condensed to liquid, which is not 
the case either in the furnace whore the gas is burned or in the calorimeter. 
These revised values were calculated by deducting the latent of heat of 
vaporization (at 62° F. or 17° C.) of the water formed by combustion. 
They are; Hs, 275 B.t.u. per cubic foot, 62°P., 30 in. mercury; CX), 323; 
CH4, 910; C*H4, 1497. 

The following shows a typical calibration after clciining up the instru- 
ment. The latter was adjusted after each setting until the reading 
agreed with the calculated value. 
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Set- 

ting 

C 02 , 

Per Cent. 

C 2 H 4 , 

Per Cent. 

ro2. 

Per Cent. 

CO, 

Per Cent. 

CH 4 , 

Per Cent 

H 2 

Per. Cent. 

B.t.u. 

(Calcu- 

lated) 

B.t.u. 

(Read) 

I 

6.6 

0.4 

0.0 

23.8 

3.2 

13.7 

150 

162 

II 

4.2 

0.4 

0.0 

25.8 

2.8 

13.6 

152 

162 

III 

5.9 

0.3 

0.3 

24.6 

2.3 

12.4 

139 

147 

IV 

6.8 

0.4 

0.1 

20.9 

3.8 

12.2 

142 

136 

V 

7.2 

0.2 

0.2 

21.6 

3,1 

13.0 

137 

141 

VI 

6.2 

0.4 

0.0 

23.4 

2.6 

6.8 

124 

126 

VII 

6.6 

0.5 

0.0 

24.6 

2.5 

12.7 

145 

145 



A typical chart is shown in Fig. 29. For very close watching of the 
work, and especially for comparative testing of new coals, this calorime- 
ter is vahiahlc. Figs. 30 and 31 show the theoretical relation of the 
diftei'cait gas constituents under various conditions of air and steam, 
as.suming pure carbon as the fuel. ■ 
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Fick 31 ,— Maximum and minxmxtm mn cjenocs of constituents of peoducbb 
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waste-heat boilers for recuperation at the other, there is little i, rouble from 
ash, dust, etc. On the other hand, where recuperators are of the chetiker- 
work type, with constricted ports delivering gas to the laboratory of the 


Fig, 32. — Gexebai* abbamoemekt op Hughes gas peoducer foe No. 2 furnace, 
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Table 4. — Results of Test Made on a Hughes Working with One Duff 
Producer as a Spelter Block Unit 



Hughes 

Duff 

Total 

Average 
per Hour 

Total 

Average 
per Hour 

Hours firing producer 

22.33 


22.42 


Coal as fired, pounds 

26,460 

1185 

16,390 

731 

Dry coal fired, pounds 

22,000 

989 

13,686 

610 

Combustible fired, pounds 

19,760 

885 

12,243 

546 

Total ash in coal, pounds 

2328 


1442 


Carbon in ash, per cent 

10 


. 10 


Ash removed, pounds 

2587 


1603 


Carbon in ash, pounds 

250 


160 


Fuel bod area, square feet 

66.75 


62.5 


Coal as fired per square foot of fuel bod. 

466 

20.9 

262 

11.70 

Dry coal fired per square foot of fuel bed 

390 

17.5 

219 

9.77 

Combustible fired per square foot of fuel bod 

348 

15. S 

196 

8.74 

Average steam pressure, pounds per square inch. . 

25.6 


15.0 

« 

Weight of steam used, pounds 

9088 

407 



Coal fired equivalent to steam used. 

1300 

55.8 



Dry coal fired equivalent to steam used 

1086 

48.7 



Combustible fired equivalent to steam used 

970 

43.4 



Power used for driving machinery, horsepower. . . 

1.6 




Average pressure below fuel bod, inches, water 





column 

1.6 


0.43 


Average temperature of gas, degrees C 

405 


610 


Average pressure of gas above atmospheric, inches. 





water column 

0.1 


0.1 


Barometric pressure, inches 

29.0 


29.6 


Average temperature of outside air, degrees F.. . 

0 


0 


Average tomporaturo cooling water, entering. 





degreos F 

56.9 




Average temperature cooling water, exit, dogrooB 






89.8 




British thermal units in coal fired 

285,240,000 

12,774,000 

170,080,000 

7,880,000 

British thermal units in coal fired and steam 





equivalent. , . . 

299,250,000 

13,402,000 



Ctibic foot of gas produced, 02** F., 30 in. mercury. 

1,182,700 

52,965 

759,980 

33,897 

Cubic feet of gas per pound coal as fired, in pro- 





ducer • 

44.70 


46.37 


Cubic feet of gas per pound dry coal firod in pro- 





ducer 

53.54 


55,53 


Cubio feet of gas per i)ound combustible fired In 





producer. 

59.85 


62.07 


Cubie foot gas per pound coal as firod, including 





steam equivalent 

42.62 




Cubic tmt gas per pound dry coal as fired, 





including steam equivalent 

51.08 



542 

Cubio feet gtvs per square foot of fuel bod. ...... 

20,840 

933 

12,160 

Cubio feet gas per pound oombustlblo, including 





steam equivalent 

57.05 


* 

4,865,900 

British thermal units from gas 

184,270,000 

8,262,000 ‘ 

109,190,000 

British thermal units from gas per pound coal as 





fired in producer 

6004 


6656 


British thermal units from gas per pound dry coal 



7971 


as fired in producer 

8342 



British thermal units from gas per pound com- 



8010 


bustlbk as fired in producer. 

0825 
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Table 4. — {Continued) 


Total 


Hughes 


Average 
per Hour 


Total 


Duff 


Average 
per Hour 


British thermal units from gas per pound coal as 

fired, including steam equivalent 

British thermal units from gas per pound dry coal 

as fired, including steam equivalent 

British thermal units from gas per pound com- 
bustible as fired, including steam equivalent. . 
British thermal units from gas per square foot 

fuel bed 

British thermal units from gas, per cent, of British 

thermal units in coal fired 

British thermal units from gas, per cent, of British 
thermal units in coal, including steam equivalent 

ft 


6460 

7738 

8050 

3 . 242,000 

64.00 

61.58 


145,410 


1 , 745,500 


77,854 


61.74 


Average Gas Analysis 



Per Cent. 

I^Eu Cent. 

CO, 

4.48 

5,15 


0.18 

0.04 

C,H4 

0.4 

0.4 

CO 

26.32 

24.40 

CH, 

3.80 

3.83 

Ei 

10.60 

8.40 

B.t.u. per cu. ft., 62° F., 30 in. mercury. . . 

155.8 

143.6 

Analysis 

OF Coal 



Per Cent. 

Vm ('knt, 

Moisture 

16.5 

16.5 

Ash 

8.8 

8.B 

Total carbon. 

61.2 

51.2 

Sulfur 

3.1 

3,1 

B.t.u. per pound as fired 

10,780 

10,780 

B.t.u. per pound dry coal 

12,010 

12,010 

B.tu. per pound combustible 

14,430 

14,430 


furnace, and, where long flue linos including rcvcraing valves are in<iluclc<l 
in the heating system, settling dust at convenient points in the system 
guarantees freedom from plugging at inaccessible bends and makes tlie 
clean-up less objectionable. At Depue, two gfuioral forms of apparatus 
have been tried, the first and less efficient is a simple vertical flue, into 
which the neck of the producer enters as a T. The bottom half is used 
as a holder for settled dust, while the gas rises in the top part and is rui:i 
over into the furnace flue. While this remov<d some of the fine dust, 
a good deal was, carried along the flue and deposited. The diiimeter 
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of this settler was the same as the flue, which was a mistake as it neither 
dropped the gas velocity materially nor gave sufficient impinging of gas 
on surfaces. 

A more successful form is along the hues of a round settler or cy- 
clone. It was not expected that, with the velocities as low as they are 
known to be, it would throw out much material from centrifugal impact. 
At the same time, a gently whirling action with the presentation of am- 
ple surface was depended on, together with several changes in direction 
of the flow. This arrangement, shown in Fig. 32, has done very thor- 
ough cleaning. For example, a flue line from a mechanical producer 
that ordinarily required cleaning once a week, when equipped with one of 
these cleaners, was not cleaned for 6 mo. Each day a few wheelbarrows 
full of ash dust were run out of the bottom into a narrow-gage car, which 
was all the flue cleaning necessary. The first cyclones were built with 
steel risers in the center, but these required replacing after a relatively 
short service. The center flues are now being built entirely of firebrick, 
with arches below. 


EfI’ICIENCIES 

The relative fuel efficiency of western producers is difficult to deter- 
mine. There are too many operations carried on with little or no testing, 
and perhaps arc only required to give general results. A producer must 
give an abxindanco of gas, break down easily, and stand up to hard serv- 
i(!e. As to whether it utilizes the coal to the best possible advantage, that 
is, gives a minimum consumption, or that its product is the best suited 
for the work, few are in a position to say. ■ Jxidging from the appearance 
of carbon in the ash, there are some serious losses at many plants. 

Radiation losses are probably higher on hand-poked producers than 
on mechanically stirred. This results from the greater depth of combus- 
tion zone and hotter tops resulting from blowholes. Of course with 
M. <fe II. producers, the loss by radiation from hot gas is much less than 
with the other typos, and the sensible heat is utilized in heating. The 
recovery of the sensible heat in the gas is limited with recuperative heat- 
ing systems, for as they arrive at the checkers at a higher temperature, 
so will the stack gases sltow a corresponding rise. One disadvantage of a 
hot top in heat recovery is the breaking up of the hydrocarbons, which 
should more properly be burned in the laboratory of the furnace. Testing 
on mochanical prodticers at Dopue indicates a fuel efficiency of 66 per 
cent. This is upon the basis of British thermal units in coal charged to 
British thermal units in gas produced. 

It is certain, however, that the mochanical machines are the most 
efficient. An oven production of gas and better control of both depths 
of producer bods and their temperatures is possible. Temperature 
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cliarts of the producer beds have been made at Depue. On the Hughes, 
for instance, these beds show a curving of zones opposite in shape to 
those worked out on the Taylor at Norfolk by R. H. Fernald of the U. S. 
Geological Survey. 

Developments 

The Morgan producer, Fig. 33, shows evidence of great care in details 
of construction. If the representations made by the manufacturers are 


Fiq. 33. — Moeqan phoducbr gas machinb. 


dependable, their operating performance on the first installation is 
excellent. How well the agitation of the bed can be inaintain<‘d wimi 
badly clinkering coals are used is a point not as yet well proved. The 
manufacturer’s statement that a "gas-making fire must not be di.sturlKul ” 
is at least open to question on some western slacks. Water jacketing 
of the body has been introduced in American pra(;tic<!. 

Note should be made of the tendency of producer manufacturers 
abroad to build producers capable of handling very low-grade fuels 
carrying over 30 per cent. ash. It was reported, by the Bureau of 
Mines who went over the situation in 1914-15, that, although these 
lower grade fuels could be worked, many plants preforrod to pay a higher 
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price for a fair grade of material. Undoubtedly we may look to those 
countries where good coals are becoming yearly more scarce, for sub- 
stantial producer development on badly clinkering fuels. It will likely 
be some time before western plants are obliged to consider any such 
high-ash coals. However, when some of the beds on the northern edge 



Fici. 34. — Suction of Pintsoh kevolvinq bCcentbic-grath gas producbb. 


of the IlUnois basin, for instance, are used, either preliminary washing or 
a change in producer practice wiU be necessary. 

The two changes in producer construction that have done the most 
to allow these clinkering coals to be handled are: Water jackets in the 
walls around the hot zone and revolving eccentric grates. 

In tho first feature, lower fuel eflfioiencies may result from a high 
transfer of heat art the jacket surface. However, this may well off-set 
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the disadvantage of a very wet blow, which would be required to make the 
clinker workable. Furthermore, high efficiencies are not probable on 
this-class of material. 

The second change, in respect to the agitation of the bed, is to bring 
the grinding action into play well toward the bottom of the producer. 
It should be more positive than the shearing zone of the Chapman and 



FlO. 35. — CkOSS-SBCTION SHO'WING BSSENTIAL PEATOKBS op nBV()I,VrN<} KCtiBMTIUC 

GRATE GAS PRODUCHR. 

appears to serve a relatively greater depth of bed. I’lu^ Itchnuuui, 
in fact, varies the depth of the grates to meet this ohangt; of thi(ikm'H.s 
of the clinker. • Developments along the lines of slugging produciors seem 
to be only moderate. A few places in FiTinee uiul (humany havt^ 
overcome, to some degree, the two drawbacks of high maiidmiaiua^ of 
linings and trouble from freezing, but only after mmdi study. 
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APPENDIX* 

Since the preparation of this paper, a new type of Hughes mechanical 
producer has been placed on the market. It embodies a number of 
changes from the original design while retaining the revolving shell and 
the oscillating poker for stirring the fuel bed. The dry bottom has been 
abandoned in favor of a rotary water-sealed pan with ash plows for the 
continuous removal of the accumulated ashes. Our opinion, without an 
actual test of the machine, is that this may not be a very distinct im- 
provement since we have found, with other producers of this general 
type, that the wear and tear on this type of ash remover greatly increases 
the maintenance expense. The hollow steam-cooled spider is quite sim- 
ilar to the one developed at Depue; it appears to have beeh designed 
with great care and should be a very satisfactory change from the old 
design. The automatic feeder appears to be an improvement, but it 
probably will not be able to handle the larger sizes of coal, if we can 
judge by our experience with such devices. However, if the coal is 
crushed before feeding, the results should be satisfactory. 

DISCUSSION 

K. Mabsh. — Would accurate information on the temperature of 
the gas produced be of any assistance in operating the producer? 

C. C. Nitchib. — Only in this respect, we attempt to run with a cold 
top in order to conserve as much hydrocarbon contents as possible. Of 
course there is considerable tar collection, but we find the gas with the 
higher hydrocarbons giving the best results. The coal bed is hardly more 
than a very dull rod. 

K. Marsh. — Do you have any facilities for taking that temperature? 

C. C. Nitchib. — Not as a regular thing. 

K. Marsh. — Do you think it would aid in operating a producer if 
you did? 

0. C. Nitchib. — It is hard to say. We have never tried anything of 
that sort. 

H. A. Gbinb, Langeloth, Pa. — ^We are using a pyrometer on the out- 
going gases. We have the Hegeler type of furnaces where it is desirable 
to have the gases coming into the producer end of the furnace at a tem- 
perature of 1600® or 1600* and get smelting temperature in the first 
sections of the furnace. It is undesirable to have temperatures above 
1600®, because the hydrocarbons are broken down and we get a gas 
running higher in carbon monoxide. 


* Received May 1, 1920, 
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C. C. Nitchie. — ^In that connection, I might say that high tempera- 
ture is desirable in the case of a producer such as Mr. Grine mentioned, 
where the gas passes directly from the outlet of the producer to the fur- 
nace and where waste heat boilers are relied upon for heat regeneration. 
We use regenerative furnaces of the Siemens type and high gas tempera- 
ture is of no advantage; it would raise the temperature of the checker- 
work and thus of the stack gases: We figure that the temperature of the 
incoming gases is practically lost. 

W W. Kebpee. — In cooling down the prodpcer beyond a certain 
point, do you reduce the CO content? 

C. C. Nitchie. — ^The analyses we give are fairly typical and average 
around 25 per cent. CO. 

W. W. Keepee. — Is there any difference in the depth of the fuel bed 
with different sizes of coal? Not long ago I read that if very fine fuel is 
used in producers, it would be desirable to increase the depth of the fuel 
bed. 

G. S. Beooks. — As to varying the depth of bed with different coal 
sizes, we have found, when handling the finer sizes of coal, that it is 
difficult to control the distribution of blow in the producer with too heavy 
a bed, so that while we have to run with a rather narrow bod on fine coals, 
a thicker bed is possible with coarse coal. The difficulty is that the 
resistance to blow increases very rapidly on fine coals with a heavy bed. 

R. M. Chapman, Hammond, Ind. — I understand that automatic 
devices for regulating gas producer operation depend very largely on 
analyzing the gas. I am inclined to think that better results can be 
obtained by controlling a number of the fluctuating elements that enter 
into the making of producer gas. In one producer, the best gas wo could 
get was 165 B.t.u. With the automatic feed, in a producer, in the same 
house, attended by the same man and with the same coal conditions, 
we easily got 175 B.t.u. gas. The only difference was that the coal was 
fed in continuously. By feeding the coal continuously, we did not have so 
much fluctuation in temperature and the CH 4 in the gas was correspond- 
ingly higher. The mixture of steam and air also varies a good deal at 
times, depending on the depth of the firebed.and the thickness of tho fire- 
bed and. on whether or not the firebed is sticky and cold on top. If it 
is, the steam will not suck in as much air and tho proportion gets all 
•wrong. Recently people have been using automatic devices for con- 
stantly keeping the ratio of air and steam uniform. Then, there is the 
automatic control of the pressure of the gas leaving tho producer. At 
times the various furnaces draw very hard on the producers; in many 
cases it is left entirely to the gas-producer operators to judge whether or 
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not their pressure is going down. There is also a great fluctuation at the 
time the ashes are removed. If the ashes could be removed continuously, 
in many cases a good gas could be had the whole 24 hr. instead of 23 or 
23}4 iir. Do you think these regulating devices would add to the excel- 
lent results you are already getting? 

G. S. Beooks. — In attempting to answer some of Mr. Chapman’s 
points, I will say that the automatic or regular feeding of the producer 
is a point that we have studied since 1912. We have not been able 
to evolve and have not seen a feeder of the flexibility necessary for our 
requirements of coarse to fine coal, and everything that we have developed 
to date has been out of the question because of maintenance costs. 
A uniformly fed producer unquestionably will give better results and 
lower fuel ratios in smelting than anything that can be obtained from a 
producer fed by hand. 

The control of the steam blow is another problem that has engaged 
our attention. The positive or fan blowers with exhaust steam are along 
the right lines. We tried one in an Eastern plant some years back with- 
out much success because of the high maintenance costs on that machine. 
There is no question but what a well proportioned ratio of steam to air is 
a very important thing for good producer practice. Getting more gas 
by increasing the blow is very questionable practice. Some of the auto- 
matic regulators are based on this idea. 

As to continuous operation at the roast kilns, it would be very much 
more satisfactory if producers could operate continuously without the 
cleaning out. We have yet to be shown a producer mechanism that will 
discharge its ashes continuously and still give reasonable maintenance 
charges with our hard fine ash of low-grade Illinois coal. Om fine ash 
from the lower grade Illinois coals is very abrasive and hard material to 
grind. Wo would like nothing bettor than to find a producer that would 
discharge continuously and still run a number of years without being 
overhauled. 

11. A. Geine. — We have two gas producers using crushed lump coal 
from 4 in. down to ^ in. and have no trouble with the automatic feed, 
and got much more uniform gas than the producers operating with hand 
dumps. Instead of Koerting steam blowers, we are using the open type 
fan and controlling the clinkcring conditions and temperature conditions 
by the introduction of steam with the air. 
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Testing of Coals for Byproduct Co'king and Gas Manufacture 

BT HORACE C. PORTER,* PH. D., PHILADELPHIA, PA. 

(Chicago Meeting, September, 1919) 

Most of the bituminous and semibituminous coals of this country will 
coke, and all of them yield, on carbonizing, more or less marketable gas 
and byproducts. We need, however, a finer distinction as between vari- 
ous grades of coking coals and between coals of different degrees of 
byproduct and gas-making possibilities. There is required by the con- 
sumer or the coal producer a dependable test to show whether a certain 
coal or mixture of coals will make coke of good commercial value for 
blast-furnace, foundry, water-gas, or domestic use; whether any diffi- 
culties in operation may arise from properties inherent in the coal; and 
whether gas and byproducts may be expected of good quality and in 
profitable quantity. For determining coke quality, the most dependable 
test is an actual nm in an oven, but for byproducts a coal may better 
and more accurately be tested in the laboratory or in a miniature oven 
or retort. 

As to what are the most desirable qualities in blast-furnace coke, 
the furnace men themselves are not in complete agreement. Some desire 
a hard, well-burned, “hot” coke, and others get better results from a 
“greener,” less hardened product that bums somewhat more nuidily 
in the furnace. But certain qualities of cell structure and porosity are 
commonly agreed upon as desirable. Information a,s to what kind of coke 
a certain coal may be made to yield is valuable in advance, whatever 
may be the consumer’s ideas as to the particular kind most suitable to 
his needs. 

The question arises. Can we predict coking quality with any degree of 
satisfaction from a small-scale test? It used to bo said that coals could 
not be tested satisfactorily on a laboratory scale either for the coke they 
would yield or the byproducts. On account of the mystery with whi<di 
the coking quality of coal has been shrouded and the large, det<^nnining 
influences that many believe are exerted by mass, pressure, and the passage 
of carbonaceous volatile matter through the coking material, it hassoon>ed 
(Jifficult to reproduce in the laboratory the exact conditions of commer- 
cial practice. Great progress, however, has been made in recent yeara 
in elucidating the process of carbonization and many of the factors that 
make for the formation of high-grade coke and the recovery of the best 


* Chemical Engiueei, The Chemical Service Laboratories, Ino. 
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quality and 3 deld of byproducts are known. The matter of conditions 
is capable of careful analysis and it is possible to simulate closely in the 
laboratory the practical conditions of coke oven or gas retort. 

By giving due weight to each of a number of factors derived from 
the analysis and nature of the coal and its behavior in a carbonizing 
test, it is possible to form a composite conclusion predicting with ap- 
proximation the coal’s coke-making possibilities. The factors that will 
be found most helpful are five in number: (1) Origin and geologic history. 
(2) Proximate composition, particularly the amount of moisture retained 
by the air-dried coal, amount of volatile matter, and percentage of sulfur 
(an incidental impurity undesirable in coke or gas, but not affecting 
(ioking quality). (3) Calorific (B.t.u.) value of volatile matter, calculated 
to a “pure” coal, or so-called unit coal, basis. (4) Amount of water of 
combination and CO 2 obtained from coal in a carbonization test. (5) 
Quality of coke obtained in a so-called “Dutch Basket” test (in an 
oven) or in a laboratory carbonization test under carefully chosen con- 
ditions, having regard particularly to the rate of coking or of the progress 
of the plastic zone. 

Byproduct yields may be determined by a laboratory carbonization 
test but unless conditions are used that, by careful analysis, prove similar 
to those of commercial units, the results will require correction by arbi- 
trary factors, a procedure that is not entirely satisfactory. 

To analyze, for purposes of comparison and duplication, the conditions 
in the various conxmercial carbonization processes, it is well first to tabu- 
late the values of certain common dimensions on an equivalent basis. 
Hince the velocity of gas passage is a basic factor in determining byprod- 
ucts, wc may reduce the other dimensions to a basis of equal gas flow, 
say 1000 cxi. ft. (28.3 cu. m.) per hr., and note their relative values in the 
different processes. In Fig. 1 are shown the more common carbonizing 
ovens, or retorts, compared as to relative size and shape, and in Table 1 
arc given calculated figures showing particularly the heated wall area, 
(ho average volume of charge traversed by gas, and the average free space 
above the charge, all on an equalized basis of gas flow, namely, 1000 ou. ft. 
of gas per hour. 

We see that in these three factors the processes vary considerably 
and (ho results of actual practice are relatively such as may be 
logically predicted from these variations. For example, from the vertical 
gjia retort, tar is obtained in greater quantity, but thinner and of much 
lower free carbon content, than from a byproduct coke oven or old-type 
horizontal retort; much less naphthalene, anthracene, and off-take pipe 
carbon are formed in the verticals and a greater production of ammonia. 
The horizontals, however, commonly yield gas of higher candlepower. 
All of these results are largely attributable to the relationship shown by 
factor D of Table 1, the greater contact of volatile products with super- 
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heating space in horizontal retort and coke oven, the former being nearly 
three times that of the vertical and the coke oven nearly twice that of 
the vertical. The coke oven, on the other hand, as shown by A and C, 



■ 0 Tows Coal 12 Xo»8 Coal Old New 1700 Lba.Oeal 

CStoji Ena) (Tiarough) 

Type Type 
450 Lbs.Ooal X700 Ll>t*Coal 

Pig. 1 . — KeLATIVB size and SHAI>ID of VAEIOtrS OTSHS AKD EBTOETS foe OAmilOM»INCI 

COAL. 

has a considerably lower coKng velocity than the gjis retorts and a 
greater volnme of carbonizing mass per unit flow of gas so that, <huj 
principally to these differences, it makes a stronger and hctt(!r coke 
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Table 1. — Comparative Dimensions in Various Carbonizing Processes 



Beehive 

Coke 

Oven 

Byprod- 
uct Coke 
Oven 

Vertical 

Gas 

Retort* 

Horizontal Gas 
Retort 


Old 
Type ^ 

New 

Type* 

Coal charge, tons 

6.5 

12.0 

0.85 

0.23 

4 

0.85 

Carbonizing period, hours 

48 

17 

11 

6 

Gas made per hour, thousand cubic feet. . 

7.6 

0.87 

0.65 

1.63 

A — Coking velocity, inches per hour 

Velocity of travel of plastic zone 

0.50 

0.53 

0.82 

0.68 

1.25 

1.10 

1.0 

Heated wall area, square feet 


795.0 

97.1 

53.1 

130.0 

B — Wall area per thousand cubic feet gas 
per hour 


104.6 

111.6 

81.7 

80.0 

Volume of charge, cubic feet 

290.0 

472.0 

35.5 

9.4 

34.5 

Depth of charge, feet, 

2.2 

8.5 

15.5 

0.5 

0.82 

C — Average cubic feet of charge per thou- 
sand cubic feet gas per hour 

62.05 

40.8 

14.5 

21.2 

Open space above charge, cubic feet 


83.25 

5.2 

10.3 

10.4 

Open space, per thousand cubic feet gas per 
hour 


10.96 

5.98 

15.8 

6.4 

Approximate temperature in free space, 
degrees centigrade 


950 

800 

1150 

1050 

JD — Approximate time of gas contact with 
free space, seconds 


39 

21.5 

58 

23 




» U. G. I. intermittent typo, 18H ft. long, 12 by 22 in. top, 18 by 30 in. bottom, 
filled within 3 ft. of top. ^ 

‘ Old “stop end” typo, 16 by 26 in. by 9 ft., charged to 6 in. depth. 

“ Modern “through” type, 16 by 26 in. by 20 ft., charged to 10 in. depth. 

for motilurgical furnaces. By the same reasoning, if coke-oven tops 
are kept cooler or somewhat restricted in volume of space for gas pas- 
sage above the charge, the anomonia and Hght oil yields are increased 
and naphthalene and free carbon reduced. 

Careful studios of the carbonization process have been made by Oskar 
Siinmcrsbach’' and others as pertaining to coke ovens and by 0. B. 
Evans* and others in vertical gas retorts. It is well established thereby 
that in the coking process a plastic zone forms and progresses through the 
charge at a rate dependent on the temperature of the wall and the dis- 
tance of the plastic zone from it. The plastic state is formed at about 
3.50* 0. and solidifies at about 440° C. The rate at which this plastic 
material is transformed to hardened coke probably has considerable 
influence on the quality of the coke. Furthermore, during the plastic 
stage, the coal gives up about 10 per cent, of its gas, and this passes chiefly 


‘ “Grundlagen der Koksohemie,” Berlin, J. Springer, 1914. 
' Proe. imer. Gu Inst. (1013) 8, 088. 
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through the uncoked core of the charge, but of the remaining 90 per cent, 
evolved from the solidified coke, a large proportion passes through the 
partly coked charge between the plastic zone and the wall, depositing 
carbon on the cell walls of the coke and undergoing material change itself 
in the chemical composition of its constituents. Further changes in the 
gas and byproducts occur in passing through the heated open space above 
the charge, where such alteration is promoted by the slowing down of gas 
travel on entering the region of greater cross-section. The large effect of 
these conditions on' coke quality and byproduct yields cannot be doubted, 
and the necessity for having due regard, in the design of a laboratory test 
apparatus, for the relative dimensions of the commercial plant as given 
in Table 1, based on some such equivalent as unit fiow of gas, is fully 
evident. 

Owing to the fact, for example, that a small circular cross-section, as 
of a laboratory tube, on being increased to the much larger section of a 
commercial retort, enlarges its area as the square of the diameter, the 
volume of coal through which a unit of gas fiows per hour is very much 
larger in the commercial retort than in such a tube, with equal rates of 
coking per linear inch. With a higher rate of coking, which is likely to 
prevail in the laboratory tube, this difference becomes even gi-eater, and 
it is small wonder that coke quality cannot be judged from coking in a 
3^-in. (12.7 mm.) tube or in a platinum crucible. 

Byproduct yields, as determined in a small tube on a few grams of 
coal, require con-ection by arbitrary factors but are of a certain limited 
value when carefully used by reference to a standard coal of known 
commercial performance. 

Such a test, in a ^^-in. glass tube on 20 gm. of coal, is in use in thi,s 
country in the laboratories of the U. S. Steel Corpn. and of T'he Koppers 
Co. It originated in Germany, has been de.scribed by J. Schramm in 
1913* and, with modifications, by the U. S. Steel Corpn. (Chemists 
Committee) in a pamphlet entitled “Methods for tlu* Commercial Hain- 
pling and Analysis of Coal, Coke and Byprodmds,” 191<5. It is claimed 
to be of value only when calibrated carefully against commercial re.milts 
on the same coals and when the results are modified by application of 
suitable factors. 

Tests on a larger scale, carbonizing about 1 lb. (0.45 kg.) of (! 0 (il in an 
iron retort, are used by the Semet-Solvay Co., Syi'acuse, N. Y., tlH' 
Westmoreland Coal Co., Irwin, Pa., the Illinois Sfetd Co,, Gary, Imi,, and 
by the U. S. Bureau of Minos. The results in such tests, particularly 
on ammonia yields, are found by the Semet-Solvay Co. to In* a valuable 
check on plant operating efficiencies, and the other companies named 
also use this test as a valuable aid in estimating yiekls of gas and other 


* Journal fit Qaabeltuchtmg (1913) 56, 389. 
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byproducts from new or unknown coals. The conditions in such a test, 
compared to those of the smaller test, are more easily adapted to approxi- 
mating those of commercial processes, so that a better in^cation may be 
obtained of coking quality and the quality of the byproducts. Any 
catalytic action that may be exerted by the iron of the retort in decom- 
posing ammonia or the other byproducts is considered by the above- 
named users to be too small to play a role of any practical importance. 
In Fig. 2, reproduced from a paper by Dr. L. C. Jones,^ chief chemist, 
of the Semet-Solvay Co., by courtesy of the author, are shown the results 
of tests by the Semet-Solvay Co., on a good coMng coal, at different 



Fiu. 2 . — Influbncb ov VBMPBRAitntB trroN yields and chabacteb oy btpbod- 

ItOTS VnOM AN AVBKAOE OOKINO COAL. TeMPEBATUBES BEPBBSENT HOYTESP PABY 
OK ttBTOUY AT BBCIINNINO AND END OF CABBONIZING PEBIOD. (SbB FOOT-NOTE No. 4.) 


temperatures. The important influence of the maximum temperature 
of the retort on byproduct yields is readily to be seen. 

One of the largest factors influencing byproduct yields is the relative 
sisso and temperature of the free space above the coal. This factor is 
controlled in the laboratory test by the use of a solid plug of suitable size 
fitting into the open space of the retort and slotted or otherwise shaped 
so us to permit flow of gas at the required rate. 

To judge the quality of coke to be obtained from a coal, the laboratory 
test alone, for reasons explained in the foregoing, is not adequate. The 


^Coal and its Byproducts, JnL Frank. Inst. (1914) 177, 681. 


Gas 
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most satisfactory test for this purpose is a full-scale oven trial. Proper 
weighing, however, of the five factors enumerated gives a very good indi- 
cation of the coking possibilities of any coal. 

The geologic conditions under which the coal deposit lies are indicative, 
more or less, of its coking quality. In general, the older coals, the more 
remote from the peats and lignites, are likely to show the better coking 
characteristics. Geologic age, under conditions such as have effected 
deoxidation (reducing the percentage of oxygen in the coal substance), 
in general seems to parallel coking quality, until the semianthracites 
are reached. 

Prom the proximate analysis, valuable information is obtained. The 
amount of water in the coal, after air drying, is a perfectly reliable indica- 
tion of its degree of deoxidation and of its probable tendency to coke. 
A percentage larger than 5 ordinarily indicates that the coal substance 
has not been altered sufficiently by deoxidation to make a high-grade 
coke. The percentage of sulfur and ash are important as showing ob- 
jectionable impurities that will remain in the coke. The volatile matter 
in a good coking coal is ordinarily not less than 15 per cent, nor more than 
38 per cent, on the dry basis. 

As has been suggested by S. W. Parr® and by L. C. Jones® tlie “coka- 
bility” of a coal is strongly indicated by the relative calorific value ef 
its volatile matter. Many coals that appear to be rich in volatile matter, 
as far as quantity is concerned, yield relatively large amounts of COj and 
water in their volatile products, which have no heating value and denote 
a low order of “cokability." The calorific value of the volatile matter 
is computed from the calorific value of the coal itself and the perccnfeige 
of fixed carbon (which has known calorific value) both being on the basis of 
“pure” coal — free of moisture, sulfur, and corrected ash. Fig, 3 is repro- 
duced from Dr. Jones’ paper ^ and shows a comparison of the calorific 
values of the volatile matter for a number of typical coals. The author 
says, “By deducting the calorific value duo to fixed carbon from the 
total calorific value and dividing by the percentage of volatile matter, 
all on the pure coal basis, we get a series of coals of increasing cement- 
ing or coking tendencies. * * * This variation in calorific value has 
been found to represent results in actual coking practice.” 

The percentage of oxygen in a coal, or the ratio of oxygon to hydrogtm, 
has been proposed as an index of its coking quality, but this factor adds 
very little to that discussed in the preceding paragraph, since the calor- 
ific value of the volatile matter varies approximately in inverse ratio to 
the percentage of oxygen in the dry coal. 

fVom a laboratory carbonizing test, if made on a sufficiently large 


• BvU. 20, Illinois State Geological Survey (1016). 

® JnL Erank. Insi (1914) 177, 611. » Op. eU., 629. 
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scale, we have an opportunity to observe the quality of coke made and 
obtain an indication of the commercial possibilities. But in addition,' 
this test shows the production CO 2 , CO, and water of constitution by 
the carbonization of the coal; and when these products exceed a cer- 
tain amount, the coal may ordinarily be set down as unsmted for pro- 
duction of good commercial coke, unless, in other ways, it shows very 
favorable indications. The total heat units contained in the gas per 
pound of coal, coupled with the 3 deld of tar and light oils in proportion to 
the percentage of volatile matter, give valuable indications also of the 
suitability of the coal for coking purposes. 

A “Dutch Basket” test, in which a small quantity — say 10 to 50 
lb. (4 to 22 kg.) of the coal to be tested is placed in a wire basket, or in 



Fio. 3. — CAtonmc vaxateb of vonATn-B maotteb fob typical coals of ITottiid 
Status. Calculate) on the “ pvm " coal basis. (Sbb foot-note No. 4.) 

a wooden box or keg, and lowered into the charge of a coke oven or retort, 
gives a valuable indication of the quality of coke to be expected, although 
the r(«ults are influenced by the passage of volatile products from the 
surrounding coal in the main charge. 

Summarizing the main points in the foregoing discussion, it is evident 
from a careful analysis of the conditions and dimensions pertaining to the 
commercial carbonizing processes, that the rate of coking, the relative 
volume of charge per unit of gas flow, and the relative amount and tem- 
perature of the space above the charge per unit of gas flow vary in large 
degree and that those variations influence materially both coke quality, 
and byproducts. The nature of tihe coal; of course, is also a large factor 
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in the results obtained. It is possible, by a careful control of conditions, 
<to judge both coking quality and byproduct yields by a laboratory 
carbonizing test, giving weight in this judgment to the proximate analysis 
of the coal, the nature of its volatile matter, and its geologic history. 
Such a test should be made comparative by choosing a standard coal 
having a known commercial performance. 

With a view to the control of conditions in accordance with these 
principles and obtaining thereby concordant test results representing as 
nearly as practicable those of commercial practice. The Chemical Serv- 
ice Laboratories, Inc., are carrying out a series of careful experiments 
in an apparatus carbonizing about 4 or 5 lb. (1.8 or 2.3 kg.) of coal. It 
has been impracticable, on account of the short time available for prepa- 
ratioQ, to include in this preliminary publication a report of experimental 
results thus obtained. Such a report, however, will, it is hoped, be ready 
for inclusion in the final issue of the paper. 

DISCUSSION 

H. C. PoETBB.— The percentage of fixed carbon is determined by the 
proximate analysis and, having the B.t.u. value of the coal and the known 
B.t.u. value of the fixed carbon (assuming it to be the same as pure car- 
bon), the calorific value of the volatile matter can be easily calculated. 
This has been brought out by Professor Parr of the University of 
lUinqis. 

F. W. Spebb,* Jb., Pittsburgh, Pa.— A correct understanding of the 
peculiar factors involved in coal distillation and a knowledge of practical 
results obtained under different operating conditions are essential to 
prevent misleading interpretations of laboratory results. I have noted 
a few misconceptions relating to this subject that arc very popular. The 
first misconception, which is very common, is that the chemist only has to 
analyze a sample of coal to find out how much ammonia, tar, benzene, 
naphthalene, etc. it will produce when treated in a byproduct coke oy(>n 
or a gas retort. This is a fallacy that probably all of you recognizt', 
but it is so common that it ought to bo mentioned. Of course coal does 
not contain ammonia or tar or any of the other byproducts for which it 
is famous, it only contains the elements that under suitable conditions will 
unite to form these different substances. The amounts of the byproducts 
produced are dependent on conditions. They are more <lepen<lenfc on 
the conditions of the treatment than they are oven on tho nature of the 
coal. Ordinary methods of chemical analysis, of course, arc not ap- 
plicable to tests of coal. 

The second misconception is that, in order to determine the yields 


* Cbief Chemist, The Eoppen Co. 
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of byproducts from coal, we may not resort to analysis but must build a 
small experimental plant with dimensions proportional to the b 3 T)roduct 
coke oven or gas retort and regulate the conditions of heating to corre- 
spond with the conditions on a large scale; and that then we will get the 
same proportional amounts of ammonia and other byproducts. This 
is far from the truth; a study of Dr. Porter’s paper shows why this is so. 
He rightly brings out the dimension factor, which is very important in 
determining the yields of byproducts. You cannot reckon in small- 
scale testing without that dimension factor, without finding your small- 
scale results very greatly at variance with large-scale results. 

A third misconception has not been sufi&ciently emphasized. This 
is that although it may be true that a small-scale apparatus gives different 
results from those obtained m plant practice, these results are always in 
proportion from one coal to another and may be reduced to a proper basis 
by a system of factors. Take a simple case; Suppose that with a cer- 
tain laboratory test, you get 6 gal. of tar from a coal which, in plant prac- 
tice, yields 9 gal. There you have a factor of 150 per cent. Some ex- 
perimenters apply that 150 per cent, factor to all coal no matter whether 
it comes from the Pittsburgh seam in Pennsylvania, oi; from the Walla- 
Walla seam in Madagascar. Coals of different origin will not necessarily 
give yields in proportion to those obtained from the same coals in plant 
practice. For example, take Pittsburgh coal yielding, say, 25 lb. of 
ammonium sulfate in a plant, which is a fair average figure. Let us say 
it will yield 28 lb. in the laboratory when heated in a certain way. There 
is then a ratio of 25 to 28. Some Indiana and Illinois coals heated in the 
same apparatus in the same way will give 35 lb. of ammonium sulfate, 
but in actual plant operation these same coals produce only about 28 
lb. Here the ratio is 28 to 35. 

The fourth conception is a little more intangible and possibly is of 
interest only to those concerned with the operation of byproduct coke 
or gas plan! 8 ; it is that plant efficiency can be calculated from small- 
scalt^ laboratory tessts. To put the matter in as few words as possible; it 
18 wrong in principle to work out a method for determining plant yields 
based on actual plant results and then turn around and use that same 
mothoil io criticize, from the standpoint of efficiency, the very results 
upon which it was based. 

R. D. HalIi, Now York, N. Y. — ^It seems to me that some of us 
might question the statement that, in general, the older coals, that is 
those that are the more remote from the peats and lignites, are likely 
to show the better coking characteristics. I think the true bituminous 
coal will reach pretty nearly the telimax from a coking point of view. 
Beyond that, as the volatile matter declines, the coking quality begins 
also to decline. 
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F. W. Speer, Jr. — It does not seem to me that the coking qualities 
decline until we get past the semi-bituminous coals. We get wonderfully 
excellent coke from semi-bituminous coals properly treated. 

' R. D. Hall. — Would you call Pocahontas coal as good a coking coal 
as Connellsville? 

F. W. Speer, Jr. — From the standpoint of the beehive oven, it may 
not be as good as the Connellsville; but Pocahontas coal is a bettor coking 
coal than many of the true bituminous coals high in volatile matter. In 
beehive practice, Connellsville coal represents the apex of coking quality; 
but in byproduct practice there is no sharply defined apex. We get ex- 
cellent cokes from coals ranging from 20 per cent, up to 38 per cent, in 
volatile matter; many of these are in the semi-bituminous class; and if 
you make true bituminous coals a dividing line, it would seem unfair to 
coals somewhat lower in volatile matter to say that they exhibit a decline 
in coking quality. 

H. C. Porter. — ^It is commonly preferred, in the coking industry, to 
add to a high-volatile coal a certain percentage of coal of the type of 
Pocahontas so as to improve the quality of the coke. Pocahontas coal 
coked alone gives a very strong well-developed coke, although in certain 
respects it may not always be regarded as the very best coke for metal- 
lurgical uses. The coking quality accordingly is very well developed in 
the Pocahontas type of coal. 
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Occurrence and Origin of Finely Disseminated Sulfur Compounds in 

Coal* 

BY REINHARDT TirtESSENjf PH. D., PITTSBURGH, PA. 

(Chicago Meeting, September, 1919) 

XIndek sulfur in coal, is usually understood that form of sulfm' which 
is combined with iron and known as pyrite. It occurs in the form of balls, 
lens(\s, nodules, continuous layers, thin sheets, or flakes, both in horizontal 
pianos and vertical cleavage fissures. But pyrites also occur as very fine 
microscopic particles, or nodules, disseminated through the compact 
coal. This form has had but very little consideration. Finally, there is 
sulfur in coal in an amicroscopic form (not visible with an ordinary micro- 
scope), probably combined with the organic matter that exists in the 
coal. This forar has had considerable attention from a scientific stand- 
point, but has probably not been recognized enough on the economic side. 
One or the other, or both, of those two latter forms may comprise the 
larger part of the sulfur content of (loal, especially after it has been 
washcid or otherwise pr<ipar(Hl for us<'. 

I’YiuTES IN Microscopic Particles 

All coals that have been exAmined by the author contained a varying 
amount of sulfur in very small globules, or paiticlcs, of pyiite. These 
parti<!les are S(ieu in a thin section as roughly rounded opaque dots, 
Pigs. 1 to 10. Wlu'.n isolaiiod, they are generally shown to bo approxi- 
mati'ly spherical in shape, with a rough outer surface. They vary in 
diauH'ter from a hnv microns to a hundred mica-ons, the majority measur- 
ing from 25 to 40 mic,rous; r(4atiively few exc.eod the latter diameter, 
'rimy arcs therefore, vo.ry small objects. Their size is best appreciated 
by comparing the illustrations, in whic.h they are shown at a magnifica- 
tion of 100 (liameters, with some known area like the period used in the 
ordiruiry printcsl page. 'I'he period is about 0.0 mm. in diameter, and 
when magnified 100 times, will cover a circular area of about 2).^ in. in 
(Uanu'ter, or all but tlm corners of the illustrations. 'I'he illustrations, 
thenffore, represent an area about jis largo as an ordinary period, and the 
pyrit.(^ globultis form hut a small part of the total area. Very frequently 
a numl»er of thcsi* particles are joined together in horizontal rows; oc- 

* IHihlWicd by pennisHion of Director, U. 8. Bureau of Minos, 
t IlcHoarch Ohomist, tJ. 8. Bureau of Minos. 
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casionally, a number are grouped together into small lenticular masses or 
into irregular groupings. Occasionally a number have coalesced into 
one mass. 

During the process of preparing the coal sections, many of the globules 
break into innumerable small cubical fragments, which usually form a 
streak on either side of the globule. These are so small that it requires a 



Fio. L- 


¥ui L bit;, 2, 

-Thin CBOHS-HiocTioN oim'oal khom V'andali a mink No, iS2, nkah Thhhh 


LAYKU OK ANTUHAXVLOrH COAI- WITH 
PvitITK (IHOlUUiKS AHH SHOWN BLACK 
KIanv h,\vh bkhn partly BHOKMN 
IIAVH BKKN DRAtRtlU) TO .HOMK LLSTANCK. 
:>ART OK (‘OAli HMRIVHH KRtLM PARTH OK 


Haute, Ini>., No. 5 bud, khowinh a thin 

NITMKROUB MTOROSeOPIC IWIiPrK (fLOBULKS. 

AS IRREGULAR ROUGHLY ROUNDED AREAS. 

AND FRAGMENTS, OOMSlSTINtJ OF MINUTE CUBES, 

OVER THE SEtrrrON. AnTHRAXYLON is THAT 
LOGkS, stems, branches, or roots. X 101). 

Fig. 2. — l^niN (Utoss-sEtUTON ok <!oal krom Vandalia mine No. near 
Terre Haute, Ind., from No. 5 bed, showing layer ok dull coal coNTAiNiNt; 

NUMEROUS THIN STRIPS OF ANTHRAXYLON EMBEDDED IN AN ATTHITUS tlR DEBIilS, 

BLAiaq ROUGHLY round areas represent microscopic pyrite grains; white 

IRREGULAR STRIPS REPRESENT CUTICLES; AND HHGRT LINEAR PATCHES REPREHENT 

SPORES. Tendency of pyrite iilobules is to form rows along thin strips ok 

ANTHRAXYLON. AtTIUTUS IS THAT PART OK COAL DERIVED KROM ALL SORTS OK MACEIi“ 
ATED PLANT PARTS AND PLANT PRODUCTS. X H)(). 


very high iiuignificatioii to (liKtinguiHh one from (lu‘ othf'r. 'Huh ih 
shown in almost all the illustrataons, hut particularly in 1 and 2. 

The amount of pyrite* in this form varies eonsieU'rnhly in (lifh-n'iit IxmIh 
from which coals have hecu examhu'd and also in difTert'Ut saiuph's fntiii 
the same bod, or even in dilTcrcnt parts of the same Hoct iou. A Hcctiou 
without these pyrite partich's is rarely ohtaiuc^d; so far, no regularity 
has been diseovored. Some of the eoals examined eontaiucal, on f lu* 
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wliole, relatively large amounts, others but very small amounts. There 
is more finely disseminated pyrite in the coal from the Vandalia mine No. 
82, of the No. 5 bed, in Indiana, than in any of the other coals studied. 
Figs. 1 and 2 show common appearances. All sections of this coal contain 
scores of pyrite particles, and in some laminae they are so numerous that 
it is impossible to cut sections. This finding is in harmony with the analy- 
sis of the coal from this bed, which shows from 2.46 to 4.21 per cent, of 
sulfur. 



Fi(}. 3. Fkj. 4. 


Vui. TiUN ('UOHS-SIOCTION or OOAh EKOM liA HaIUJO, IlL., SHOWING A IjAYEH 
OF ANTUHAXYHOUH COAL, tNCHaiDlNG A NtJMBEIi OF PYKITK GLOBULES. X 100. 

I'UL 4. “ ''PlItN (’HOHS-HECTION OF COAL FROM SeSSKK, IlL., No. () BET), SHOWING 
PYTUTE (HAVmtLIlK IN DULL <10AL, WHICH HEBE IS COMPOSED OF THIN STlllPS OF ANTHKAX- 
VtjON AND ATTUTTUh; THE LATTEU INCLUDES SPOBES, SHOWN WHITE. X 100. 

The Illinois (*oals from bods No* 6 and No. 2, containing from 0.50 to 
li.Tl) p<'r (‘(mt-. sulfur, by analysis, as far as they have been examined, do 
not. (‘onlniu nc^arly as much ])yrite in this form. N(wcrth(4ess, there is 
har<lly a scadtou made in which none is observed. As in, the Vandalia 
it is vovy irregularly distributed. Similarly, in some sections, 
t lu^ glohul(‘s i\,\v so numerous that it is difficult to cut a satisfactory sec- 
tion from it. Normal appearances of some of the Illinois coals arc shown 
in Idgs. to 5. Diflurent coals from the different beds of Illinois have 
not lanai (‘ompartal in this respect, 

Th(‘ (*oal from tlie Pittsburgh seam, analyrang from 0.78 to 2.83 per 
(amt., snlfiir, appu-rmitly contains less pyrite in this form than the Illinois 
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Fig. 5. — Thin cross-section op coal prom Shelbyville, Shelby Co., 111. 
Pyrite globules are distributed through whole section; here and there, 

SEVERAL HAVE JOINED AND OTHERS HAVE OOAIjESCED. GlOBULES ARE SOMEWHAT 
SMALLER THAN IN OTHER SECTIONS SHOWN. X 100. 

Fig. 6. — Thin cross-section of coal prom Sipsey mine, of Black ('reek 
BED, Ala. Some op pyrite globules have coalesced into lenth’ulah mashes, 
SMALLER GLOBULES ARB DISTRIBUTED THROUGH WHOLE SECnTON. X 100. 



Fio. 8 .— Thin cuoss-smction op uonitb phom Montana. Hn<"noN known 
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coals. It is of general occurrence, however, and, on the whole, an appre- 
ciable amount of the sulfur is present in this form of pyrite. A sample 
of coal examined from the Sipsey mine in the Black Creek Bed, Ala., 
analyzing from 0.83 to 1.27 per cent, of sulfur, shows similar contents, 
Fig. 6. 

All the sub-bituminous coals and lignites examined from ground sec- 
tions revealed globules of similar form and appearance. Fig. 7, of a sub- 
bituminous coal from Stone Canyon, Calif. (4.48 to 4.95 per cent, sulfur 



Fi(}. 9. Fig. 10. 


I'kj. 9.— Thin heotion of woody feat, taken imoM iuqat bog neae Hayton, 

WiK. lU.AOK DOTH HEFIUOHENT 1>YEITE GLOBULES LODGED IN WOOD FIBERS; SEVERAL 
HAVE BEEN BROKEN INTO MINUTE CUBICAL FRAGMENTS. X 100. 

1().«^-Tiiin section of woody feat taken from peatbog NEAR Hatton, 

WtS., SHOWING CONSIDERABLE NUMBER OF FYRITE GLOBULES LODGED IN WOOD FIBERS. 
It will be NOTICED THAT THEY ARK STRUNG OUTIN GAVITXBIS OF WOOD FIBERS. X 100. 

by analysis), represents average conditions of the sections examined. 
Soiu(' of tb('. samples of lignites were found to contain relatively large 
a-mounis of \i. Fig. 8 shows less than the average conditions. 

Tho. hirgtvst number by far of the pyrite globules are found in the 
andiraxylon of the coal, that is, that part of the coal derived from the 
woolly pa,r{s of plants, although a considerable number are distributed 
dirough t.lu‘. attrituH, or debris. The pyrite globuk'S a, re readily dis- 
tiuguishabk^ from the resinous inclusionB of the anthraxylon, in that the 
pyrite globulc‘S havi^ a yc^llowish glistening appearance and are optuiiu"-, 
whik^ resinous imdusionB are dull and arc at tlu*. most slightly 
t-ranshuumi. Tht\y are also distinguished from resinoiLS globukvs by 
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their outline, which is usually rough, or ragged, while the outline of the 
latter is usually smooth. 


Organic Sulfur 

A certain amount of sulfur has been found to be present in coal in an 
amicroscopic form. Although, in certain samples, no sulfur can l)0 
detected ordinarily by the microscope, microcliemical and qualitative 
chemical tests reveal sulfur. When such samples arc burned, in some 
cases, their ashes show sulfur by niicrochcmical tests. Also, rcHumt 
observations and analyses of a large number oi samples irom difloremi. 
coals have shown that, in a number of cases, more sulfur is found than 
can be accounted for if the sulfur were combined only wiih the minerals 
found in coal. This form of sulfur is probably that rccognize(l as organic 
sulfur. Little or nothing is known of organic sulfur and it is not evem 
positively known that sulfur exists in this form. But there are a numlx'r 
of observations on record that lead one to assume that it is pre^sentas such. 

Prof. T. G. Wormley,^ of the Ohio State Geologi(*al Surv(\v, was ap- 
parently the first to call attention to the fa(*.t that» many coals iLat* (X)n- 
tain but little iron have a largo percentage of sulfur, a larg(U’ amount. <)r 
sulfur than could be accounted for if the sulfur wen^ (U)mbin(Hl only with 
the iron found in the coal. His experiments go to proven that a larg(^ 
part of the sulfur found in <‘oals exists as some organic'* (H>mpound, t.hc' 

0. xact nature of which ho was not able to determine. A fc'w yc'urs Intt'r a, 
numbeu’ of analyses made by Andrew S. M^C^'cath^ for iron and sulfur 
show that the sulfur in most cases is largcdy in exec^ss of th(‘ amount- r<'- 
quired to convert the iron into iron pyrite. In only two instance's did all 
the sulfur seem to exist as bisulfide of iron. Kiml)alB a fenv ycxirs latter 
reviewed the whole field of sulfur in coal, ami concludc's that semu' of tlu' 
sulfur may ho combined with the organic matter of (H>al, the* same' as it is 
supposed to bo combined with rubber in vuh'unbc'd rubln'r. Drown/ 
in the effort to develop a better method for the detmaninat ion of sulfur 
in coal than was in vogue at that time, incidentally observc'd, among 
other mte.resting results of his analysers, figure's that IchI him to bc'lit'vo 
that sulfur must exist in coal as organic sulfur. 

Little work lias been done since', on the organic sulfur in (*oal until 
recently, when the work was resunu'd in tln^ cuuil lalxu'atory <»f the' INtts- 
burgh Station of the Bureau of Mim'S, ns aln'ady rc'b'rred to. At, nlxait 
the same time, the study was resumed in the Kngineering Experiment 

1 Some Thoorotical and Practical CVuicIusionH on C \ml, ( *<‘oL Hurv<\v of < )hio ( ISTIi) 

1 , 36 ()- 3 () 4 . 

®Sl<iCond Crcol, Survey^ PcunHylvariia, Report of l^roji;reHH in fhc» bahomtory of the 
Survey. M. (1874-75) 30 32, and Report MM. (187« 78) 123 1 20. 

8 Tram. (1880) 8 , 18b 204. * Tntm. { 1881 ) 0 , i\m 003. 
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Station, University of Illinois, by Parr and Powell,® with results that led 
to the conclusion that sulfur exists as organic sulfur in coal. It is, there- 
fore, highly probable that sulfur, like nitrogen, is still present in organic 
compounds similar to those existing in living plants. 

OniaiN OF Sulfur in Coal 

TIu' oiigin of the pyritc in coal is a matter of much speculation. The 
(‘onsensus of o])iniou appears to be that it must have been deposited by 
(*ir(‘ulating waiers or by seepage through the superincumbent rocks. 
Boib vsulfur and iron are found in underground waters. If in the form 
of siilfat(‘s originally, the organic matter of the coal is supposed to have 
r('du(‘(Hl them i.o sulfi(l(\s. The possibility that the sulfur in coal may 
have luid its origin through the plants that contributed to the coal appears 
t>o hav(» r(HUMV(Hl but. lit.tle (‘consideration, altliough some admit of the 
possibilit.y.® That this is not improbable will be shown in the following 
consi<l(a-atiou of sulfur in plants. 

Sulfur in Plants 

Sulfur is an cvssential element in almOvSt all proteins and proteins arc 
(\ss(mt-ial to all living organisms — plan1.s as well as animals. Being an 
('sstmi.ial (dcumuit. of proteins at onco signifies its wide distribution and 
univi'rsal pr(>s(mee wherc^ver there is life. WherevcT there are, or were, 
p(»a.(.-f()rnung (h^posits there are living organisms, hence, wheremu’ there 
ar<^ coal Ixals, wludilier lignit('.s, sub-bituminous or bituminous coal beds, 
there was life', and, t.herefore, proteins. The percentage of sulfur present 
in proteins may be small, but the universal presence of plants in large 
mnnlx'rs and other living organisms, lumce of proteins, must make the 
t.ota.1 amount of sulfur t.luis (‘combined tixunendously large. The pro- 
t('ins ar(N therefore, of great im})<)rtau(‘.e in the history and the cliomistry 
of th(' sulfur found in (loal. 

Prot('ii\s ar(* of such (‘.omplex structure that their chemical invc'stiga- 
tion is a mat.t.('r of ('xt.reme diflmnlty. lnv(^stigations arc r(aid(U‘ed even 
mor<^ (Uflhndt by the fa(‘t. that., with a f(^w (weptions, tlmy do not (‘.ryKstal- 
li 55 e, and (‘aimot. be distilled without de(X)mposition. A number of groups 
of nitrogemous (X)mpounds ar(^ (‘hissed as prot(uns, making the numben* of 
protc'ius (piiU^ large; a few of the most important and best known are 
albutnin, globulin, (Mh^stin, gluulin, and k'gumin. From a physiological 

ft A. H, Fewc'll atul S. W. Parr: A Study the Korins in Whie.li Kulfur (Veurs in 
Coal liulL lib KuKng* Kx. Sta., Univ. of Illinois, 

“ T. (h Wctnnley: Ofh riL 

Mditoniil: Original Hulfur in (U>hI. Coal Aye (lOhS) 4 , 273-274; Th(^ Kkmu'nt 
Hulfur. (Uml Ayr (1913) 4| r>H(h 
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standpoint, the proteins form well-defined groups but from a chemical 
standpoint it is a difficult matter to define them exactly and to embrace 
each in well-defined limits. Although they may exhibit great differences 
in physical and chemical behavior, they do not differ much from one 
another in their chemical composition and the elements carbon, hydrogen, 
oxygen, nitrogen, and sulfur, always present, vary only within small 
limits in the different ones, as shown in the following table: carbon, 50.0 
to 55.0 per cent.; hydrogen, 6.5 to 7.3 per cent.; oxygen, 19.0 to 24.0 per 
cent.; nitrogen, 15.0 to 17.6 per cent.; sulfur, 0.3 to 5.0 per cent. Some 
also contain from a trace to 0.5 per cent, of phosphorus. 

Different kinds of proteins from different sources give quite (‘onstant 
results within small limits. Albumin, for example, from a nuinbc^r of 
seeds and nuts was found to be similar in all cases and its (composition 
was the same: carbon, 51.25; hydrogen, 6.88; oxygen, 22.25; nitrogem, 
18.69; and sulfur, 0.93. Other examples^ are: 

Lbgitmin of Edkhtintk of VioNm of CJumouN of 
Pea, Pka, (^>^v Pj-:a, (U>w I»ka, 

PbrCbnt. Peu C’ent. Peu (’knt. Pku ('ent. 


Carbon... 52.20 53.3 52.1)4 .53.25 

Hydrogen 7.03 0 . 09 6 . 95 7 . 07 

Nitrogen 17.90 10.30 17.25 1 ( ) . 3() 

Sulfur 0.39 1.06 0.50 1.11 

Oxygen.* 22,48 22.34 22.06 22.21 


Although rclativoly littlcf is known of tho slrnctun^ of t.lu' pi-otoins as 
a whole, after many roscarohos aiul investigations tlu' (conclusion lias Ixh'II 
reached that they arc built up of a group of lunino acids. In ol.lu'r words, 
the amino acids form tho foundation of prot('in just as bricks form tho 
walls of buildings. Cystcin is tho one responsible' for tlu' sulfur in pro- 
teins; its formula is C 6 Hi 2 NsS 204 . By hydrolytic cl('Hvag(' with miiK'ral 
acids the sulfur of the protein substance is n'gularly split- off as (*.vstoiu. 
Tho sulfur in this group is n'garded tus a derivative of li.vdrog<'n suHidc', 
since hydrogen sullidc and some mothyluu'rcaptan, (’H3SII, arc split. ofT 
in tho putrefaction of proteins.* 

Non-protoin Forms of Sulfur in Plants. While most of I ho sulfur in 
plants oceurs in the proteins, a number of plant familu'.s (‘ontain other 
sulfur. In the mustard family, the sulfur is found both as iiitrogouous 
aubstanees, tho oils of mustard, comhiiu'd wdth glucose and other <•(*«»- 
pounds to form glueosides, and as sulfhU's; while in the onion family, 
sulfur occurs only as sulfide. 

’ Ttioiufis U. Oslwm aticl George ]?'. ('aniphcll: Ix'gumiu anti Otlicr I’roleids of the 
Tea and Vetch. Jnl. Am. (!hem See. (IKSW) 18, r>H:t tKltl; (IH1I7) 18, ltd r.tKI; 

19, .TO-SIS: (ISitS) 20, ;WS -STA 

“ Olof irattmiarslen: ‘‘Texf.-Iioo'( of I’liyMinlogical (’hemiafry." Triina. by .lohn 
Mandol. Wiley, 1911. 
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Sulfur in Ashes . — Nine elements are regularly constituents of the 
ashes of plants — sulfur, chlorine, phosphorus, silica, potassium, sodium, 
calcium, magnesium, and iron. Here and there a few other elements, like 
manganese and aluminum, are also present. The largest amounts of sulfur 
arc found in the ashes of plants or plant parts and organs rich in proteins, 
and in the ashes of the cruciferae and the onions, rich in oils of garlic, 
oils of mustard and their glucosides. In the ashes of these plants, as 
high as 4 to 8 per cent, of sulfur is found, while the ashes of leaves con- 
tain usually from 1 to 2 per cent, of sulfur. 

The wood of trees is generally low in ash content but sulfur is a con- 
stant component in varying amounts. In some wood ashes it is found 
in considerable amounts; as in Prunus mahaleb or Maheleb cherry, 2.8 
per cent, sulfur; Morus alba or white mulberry, 3.9 per cent, sulfur; and 
Pinus strobus or white pine, 3.7 per cent, sulfur. It should be noted in 
this connection that the percentage of sulfur in ashes is not a true index 
of the original content of sulfur in the plant from which they came, 
since a considerable part of the sulfur escapes during burning. 

In a study of the sulfur in plants, it is necessary to make the deduc- 
tions from the living plants because it is only these whose chemistry can 
bo studied. There is, however, every reason to believe that the chemis- 
try of the plants of any geological period, whether of the Paleozoic, the 
Tertiary, the Cretaceous, or the Recent is the same. Paleobotany 
teaches that the plants of all ages, as far as can be learned from their 
anatomy, morphology, and structure had the same kinds of organs, pro- 
duced the same kinds of products, and performed the same functions as 
those of today. The main difference in the plants of the different periods 
wjis that different phyla wore represented more predominantly during the 
different times. During the Paleozoic times, the Lepidodendrons, the 
( 'alanUtos, and the Cycadophytes, plants to which the Lycopodiums or 
('.lub-mosaes, the Equisetums or horsetails, and the Cycads, respectively, 
of today belong, formed the bvdk of the coal-forming plants. 

During Tertiary times, the Conifers or pines appear to have been the 
predominant coal-forming plants. Today both the conifers and the dicot- 
yUidonous plants, that is, the pines and ordinary leafy plants, are the 
IHsat-formiug plants, while the horsetails and the club-mosses form but 
an insignificsnnt part. A chemical study of all the different plants of the 
<liffor<mt phyla living today has shown that the chemistry of their prod- 
ucts is similar. Cellulose, ligno-cellulose, protein, chlorophyl, etc. 
have a similar composition respectively, no matter in what plant they 
arc found. There is, then, every reason to believe that the sulfur con- 
tents of the plants of any period were similar to those of the plants of 
today. It is also possible that certain plants of ancient times were 
particularly rich in non-protein sulfur, like the onion and the mustard 
fiimilios of to<iay. 
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Source of Sulfur in Plants . — The sulfur in the higher plants must be 
taken in through the roots, or organs functioning as roots, as sulfates 
only. The sulfates may be in the form of calcium, magnesium, and 
potassium sulfate. They must be reduced by the plant, but how and 
where this is done is not known. In the plant, sulfur is found chiefly 
as hydrogen sulfide derivatives, as in the cystein components of proteins 
and in sulfides, or sulfides combined with other substances in the form 
of glucosides. The plants must, therefore, carry out a sulfate reduction. 
The assimilation of hydrogen sulfide must proceed rapidly since it is a 
violent poison to protoplasm. 

Oxidation of HaS.— Proteins yield hydrogen sulfide on putrefaction; 
likewise plants containing sulfides or sulfides in glucosides yield hydro- 
gen sulfide and some mercaptan. Proteins and glucosides are relatively 
easily decomposed, yet a considerable amount of sulfur may have been 
retained in the original tissue as organic sulfur, probably still as a sulfide. 
This would be indicated by the fact that a large amount of vegetable 
matter escapes putrefaction, as in peat formation and in the large 
amount of well-preserved plant tissue found in coals and lignites. But 
neither HaS nor the sulfur of the plant that has escaped putrefaction is 
available to plants; in fact H2S is a deadly poison to them. It is, there- 
fore, of considerable importance to know how sulfur in this comjiound 
can again be made available for plants, or in fact, how any form of sulfur 
other t,hn.n a sulfate may be made available. This is accomplished 
through the intervention of so-called sulfur bacteria, of which tluu-e 
are several- quite well-known groups. 

Sulfur Bacteria . — While hydrogen sulfide is a violent poison to higher 
plants, certain lower forms, both bacteria and fungi, may utilize it as a 
source of energy. Well-known forms are Beggeatoa, Thiophysa, 
Thiospirillum, and Thiothrix. Beggeatoa is the best known, dfie to 
the studies of Winogradsky, who finds that this organism occurs in all 
swamps in which the water and soil contain enough sulfates or hydr<*gen 
sulfide. The sulfate, however, must bo reduced by means of putre- 
faction, to H2S before it is available; this is accomplished by any plant 
during its life and decay. It also lives abundantly in sulfur springs. 
H2S is first oxidized to elementary sulfur, which is deposited in the 
protoplasm as amorphous sulfur, seen as highly refractive inelusions in 
the protoplasm. This sulfur is gradually oxidized in the organism to 
H2SO4. There take place, therefore, two reactions within the body of 
Beggeatoa, which may be expressed thus: 

2H2S + 0 , 2H2O -f S» 

S2 d" 3O2 •+■ 2 HsO— + 2H2SO4. 

The sulfuric acid set free combines at once with carbonates to form 
sulfates. These may be calcium sulfate, sodium sulfate, pota^iuin 
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sulfate, or magnesium sulfate, and perhaps iron sulfate, all of them 
available, to the plant for another cycle. By this means, Beggeatoa 
(loiivcs its - energy. In order that it may thrive, a constant supply 
of H2S is necessary, which substance is usually furnished by decomposing 
vegetable matter. When the supply is plentiful, grains of sulfur are 
deposited in the protoplasm of the bacteria j when the supply is scarce, 
they are dissolved and oxidized to H2SO4. A proper supply of oxygen 
is m'.cessary for both processes. Thiotrix is a sessile form, whose habits 
and <!haracters are similar to Beggeatoa. 

Other forms are the so-called red sulfur bacteria. These possess a 
red pigment, called bacteriapurpurin, which possibly has a function 
similar to that of chlorophyl in green plants. These bacteria can live 
in water rich in H2S, and, in fact, are not killed in concentrated solutions 
of it. They are anaerobic. According to Winogradsky, they always 
live in company with other organisms containing chlorophyll, and hence 
are able to decompose CO2. The oxygen thus set free is available for 
th(i oxidalrion of ^28 to sulftiric acid. 

SuLi'UH IN Peat 

The present state of our knowledge may be smnmarized as follows: 
Plants contain sulfur largely in the form of proteins and during putrefac- 
tion sulfur is sot free as hydrogen sulfide, a form that cannot again be 
directly utilized by plants; sulfur bacteria, on the other hand, oxidizes it 
to sulfuric acid, which immediately attacks the carbonates and changes 
them to sulfates. It is possible that other chemical reactions are going 
on without the intervention of bacteria. Hydrogen sulfide, in the 
pre.souc.« of water in which any of the heavy metals are dissolved, will be 
precipitated as a sulfide, which may readily be oxidized to a sulfate. 
l<'eiTi(! sulfate may be directly reduced by hydrogen sulfide to ferrous 
Hulfatic with a simultaneous precipitation of sulfur, and a further reaction 
of hydrogtm Hulfido, sulfur, and ferrous sulfate slowly gives rise to ferric 
diHullidc or jiyrilc. This reaction may bo represented by the equation 
b’t'HOi •+■ IlaB + 8 = FeSa + HaSO*.® But whether such reactions could 
l,ake place muhsr such strongly reducing condition as exist in the peat 
bogs is doubtful. 

Hulfates are generally d<itcctod in peat, especially in the upper 
strata, by miorochcmical tests; in many instances they are present in 
r<datively largo amounts. Calcium sulfate appears to be the chief one 
in ptiat boga investigated. When peat is permitted to dry very slowly, 
calcium sulfate crystallizes out, in certain cases in relatively large 
quantities. 

• K. T. AlUm: Hulfidos of Iron and Their Gonoaia. Miti. & Sci. Pr. (1913) 108, 
413-1 H. 
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Sulfur is present in these bogs, irrespective of the horizon from which 
taken, whether from near the surface, halfway down, or at the bottom 
of a bog 10 to 12 ft. deep^ Since the plants growing in a bog, in very 
dense and luxuriant masses, subsist on the residue of the plant growth 
that preceded them, it is evident that the plants now living in the bog 
are not able to take in nearly all the sulfates contained in the deposit. 
There is, therefore, by far more total sulfur in the bog, in both the dead- 
plant and the living-plant matter than is needed for the cycle. There 
is thus an accumulation of sulfur. The peats upon which most of these 
investigations are based contain from 0.89 to 1.63 per cent, of sulfur. 
Chemical analysis of peats from many sources show all the way from 
0.29 to 4.21 per cent. It is, therefore, not far different from the nitrogen 
content. Iron is also invariably present in peat. 

In previous studies Un peats, lignites, sub-bituminous, and bitumi- 
nous coals, it has been shown that there is a continuous loss of ccllulosic 
substances and a relative concentration of resin, resin waxes, and waxes. 
It is a difficult matter to make fair estimates as to how much of the 
original peat deposit has disappeared during the transformation from 
peat to coal. But observations made on the anthraxylon components, 
that is, components derived from wood in bituminous coals, show that 
these have been compressed or reduced to one-tenth to oncvforticdi of 
their original mass. Let it be assumed that they have suffered a reduc- 
tion to only one-tenth of their original mass, which is a very cons(U'vative 
figure. Let it also be assumed that none of the sulfur contained in the 
peat bog has been removed, which is a fair assumption, since t.he (sonsem- 
aus of opinion is that all the sulfur contained in coal has been carri(«l 
into the deposit from the outside. There could, tluTefore, not have 
been a loss. There are found in peats, according to the figures giv(m 
above, from 0.29 to 4.21 per cent, of sulfur. If there Wiirc tium only a 
reduction to one-tenth of the original mass, and no loss of sulfur, t hoi'e 
would be from 2.9 to 42.1 per cent, of sulfur in the resulting coal. 'Fluiro 
is more than enough sulfur in peat to account for all the sulfur in coal. 

Pyrites in Peat . — Peats contain pyrito in the same form as found in 
the coals. As shown in Pigs. 9 and 10, the pyrite nodules in p(‘at are 
lenticular to spherical in form, with a rough surfa<«‘, and often a<u’(!ral 
are grouped together in a manner similar to the <H)al pyrites. Tlu'y 
break up into minute cubes when the microtome knife strikes them in 
making the section. 

Although the pyrite globules have not been inv(«tigat<>d (iompletely, 
their origin is of enough importance to bo briefly con.sid«‘red. In samples 
of fresh woody peat are found numerous organisms living in the woo<l 
fibers or wood colls. They arc stained brilliantly rtnl by safranin, ami 
are clearly differentiated from the peat substances, since resinous and 
dead peat matter do not take this stain well. They are, in gonortU, of a 
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spherical form and vary greatly in size within certain limits, but are 
not much larger than 30 or 40 microns. Besides a transition in size, 
transitions in certain physical characters are noted. In color, they 
range from light pale yellow, through yellow, light brown, brown, dark 
brown, to black; simultaneously with the color, they range from 
transparent to opaque; and parallel to this there is a transition in stain- 
ing qualities, from a stage in which they take a bright stain through 
stages in which the staining quality fades away together with an increase 
in natural color to a point where they are black and opaque, and where 
they will not take a stain. These stages of the various characters and 
qualities indicate that they represent different stages in the age of the 
organisms. Often all the stages may be observed in the same section 
or preparation. The black opaque stage, and the one that will no 
longer admit of. a stain, is the one that will break into minute cubes, and 
is the stage recognized as pyrite globules. 

The organism is of the plasmodium type, and has been obtained, up 
to a certain stage, in pure cultures in proper culture solutions under 
anaerobic conditions. These organisms are evidently either sulfur 
bacteria or iron bacteria. Their study has not been completed and many 
points in their history and behavior have not been satisfactorily cleared 
up. They require further study, and the observations made on them 
need further verification. 

There are then disseminated through the peats pyrite globules of 
micToseopic size similar in appearance, form, and behavior to those in 
the (!oals; similar pyrite globules arc disseminated through the lignites 
and the sub-bituminous coals. They can be traced clearly from the 
peats to tins bituminous coals in a continuous chain. On those found in 
tlui p(',aia, there appears to bo evidence that they are of oi’ganic origin. 
There is, therefore, reason to assume that they are of the same origin in 
the lignites and the sub-bituminous coals, the next steps above peat in 
the succession of coal formation. If this is correct, then there is every 
reivson to believe that those in the coals are of the same origin. 

Summary 

All the coals that have been examined microscopically contain micro- 
Hfopio grains of pyrite disseminated through them. These are distrib- 
uted very irregularly and usually occur in colonies. Different coal seams 
vary in the total content of this form of pyrite; different horizons differ in 
the total content; and different parts of a section may differ widely in 
the number of globules present. 

The majority of the globules are roughly spherical in form with a 
rough surface. They readily break into numerous minute cubes, 
(loals also contain amicrosoopio svilfur, probably as organic sulfur. 
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Although the presence of organic sulfur has been known for a long time 
its chemical form is not known. 

Plants contain sulfur in two forms; as a component of proteins and 
as non-protein sulfur. The sulfur in proteins is universally present in 
all plants while the other form occurs only in certain families, but in 
some of these it occurs in relatively large amoimts. On decomposition, 
the sulfur in plants is set free mainly as hydrogen sulfide. 

The sulfur is taken in by the higher plants as a sulfate; hydrogen 
sulfide is not available and must first be oxidized to a sulfate. Hydro- 
gen sulfide may be oxidized under strongly reducing conditions through 
the agency of sulfur bacteria, resulting in sulfates. All plant ashes con- 
tain some sulfur. 

Sulfur is present in peat bogs from 0.29 to 4.21 per cent. C.alcium 
sulfate often crystallizes out when peat is dried slowly. Peats contain 
pyrite in the form of microscopic grains, similar to those found in the 
lignites, sub-bituminous and bituminous coals. There is evidence to 
show that the pyrite grains in peat are of organic origin. 

The reasoning on the origin of sulfur in coal applies to microscopic 
pyrite and organic sulfur; lenses, balls, and sheets of pyrito may have a 
secondary origin. 
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DISCUSSION 

R. D. Hall, New York, N. Y. — My point of attack of tlu* prohUun 
of how the sulfur entered the coal bed was altogether difTiinuit from thai. 
of Dr. Thiessen. It always seemed to me that it was strange that th('r<' 
was so much sulfur in coal and so little in the measures that included the 
coal; that is, that the measures above, and the measures htdow llu' ecml 
showed very little sulfur. F. W. Clark makes the observation that tlu'iH' 
is only 0.1 per cent, of sulfur in the lithosphere, that is in th<‘ immediate 
outside crust of the earth; if wo could get (soal of sulfur (‘onteiit no higlu'r 
than that in contiguous rock measures, wo should he inueli pl<‘!iHe<l. 
Yet there is about 1.1 per cent, of sulfur in the igneous reeks. We must 
therefore find some place in which that sulfur segregated, and to a eon- 
siderable extent, it seems to have collected in anything of vegetable or 
animal character. Wo find much of the sulfur in tlie eoal. TIktc is 
from 6 to 10 per cent, of sulfur in Trinidad Asphalt. The natural gas of 
Ohio and In^ana, which is probably of organic origin, shows 0.17 p(“r 
cent. The petroleums are also sulfurous, especially thow' <»f Tt*xnB, 
California, ’and Syria. 
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Sulfur is not often found in even the limestones of the United States. 
In Pennsylvania, 110 analyses quoted in the Pittsburgh State College 
report of 1899 and 1900 average 0.08 per cent of sulfur, or less than 0.1 
per cent, while 163 analyses ignored the sulfur percentage entirely because 
it was so small. The highest analysis showed 2.45 per cent, and the next 
highest 0.314 per cent. E. C. Eckles, in “Building Stones and Clay,” 
shows, in forty-eight slates, an average of 0.202 per cent, and a maximum 
of 0.92 per cent, with 127 samples without sulfur determination; 628 
sandstones with an average of 0.032 per cent, sulfur; six moUusca shells 
with an average of 0.177 per cent, sulfur and a maximum of 0.324 per 
cent.; 843 limestones, with an average of 0.102 per cent, sulfur and thirty- 
nine samples with sulfur undetermined; one marble analysis with sulfur 
undetermined and twenty-four clays, likewise, with sulfur imdetermined. 
It was evident, from the other cases given, that the sulfur was very low. 
That was one of the reasons which led me to believe that the sulfur was 
found in the coal solely because the vegetable substance in the coal had 
taken it and concentrated it within its substance. 

It is intci-csting to note what Dr. Thiessen has so well said about the 
large amount of sulfur in vegetation. It is true that some forms of 
vegetation contain much more sulfur than others. The locoing of horses 
in the West is said to arise from the action of the barium sulfate in the 
loco weed, which is sometimes eaten by horses in large quantity. Alfred 
Daohnowski in his admirable monograph on “Peat Deposits,” shows 
that the sulfur in peat varies from 4.67 per cent, to 0.21 per cent. As the 
ash in the first sample is 22.14 per cent., the ash- and moisture-free sulfur 
content would rise to 5.88 per cent. The latter sample has only 7.59 
per cent, of ash. So you see there was almost as much sulfur as other 
ash in the vegetal mass. 

The theory appeals to me that the iron in the coal acts as the keeper 
of the sulfur and that if that iron were absent the sulfur would be driven 
out. I have always believed that the organic sulfur is probably more 
('asily driven off than the sulfur in pyritc. 

Whether we can put a great amount of emphasis in the bacterial 
theory is, of course, still open to question. Dr. Thiessen thinks that 
bac.teria have a great deal to do with the sulfur in coal. Probably they 
do, and further evidence of that fact can bo adduced from the knowledge 
that many of the sulfur deposits of the world are not volcanic, but organic, 
in origin. 

Because there are so many volcanoes, it is commonly thought that 
the largo sulfur deposits down in Sicily are volcanic. As they are found 
in stratified form, there is much reason for believing that bacteria acted 
as the medium by which those deposits of sulfur were segregated. 

It has always seemed to me that when a coke oven was newly charged, 
it gave off an excessive amount of sulfur. I have been hardly able to 
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believe that these sulfur fumes were all derived from the pyrite in the 
coal mass. It is a remarkable thing, also, for us to note that the heating 
of the coals during their long maturing period cannot have been con- 
siderable while the sulfur in the coal was in the form of pyrite, or else we 
would have found the monosulfide of iron in coal, for this sulfide is very 
stable. The probabilities are that if the pyrite had been heated to a 
high temperature, some of the sulfur would have been driven off and we 
would have found monosulfides of iron or something approaching them, 
iustead of finding all the iron-sulfur compounds in the chemical relation 
FeSj. 

Reinhardt Thiessen. — In regard to the formation of iron com- 
pounds of sulfur, I would like to call your attention to E. C. Harder’s 
Professional Paper 113 (1919) of the Geological Survey. He was in the 
Geological Survey, originally a mining engineer and afterward worked 
in the Brazilian iron deposits. During his work he made varied observa- 
vations on the deposits of iron and, in looldng for a cause of the origin 
of the iron, he made observations that these could be due to bacterial 
action. Lately he found an opportunity in the laboratories of the 
University of Wisconsin to study iron bacteria. During this time he 
has made original investigations, as well as a summing up of the 
knowledge on iron bacteria which also includes, of course, the sulfur 
bacteria in (part. In respect to our problem under consideration, the 
references to the changes of the sulfur to combine with iron are of 
great interest to us. 

W. H. Fulweilbr, Philadelphia, Pa. — Do you consider the formation 
of the pyrite from the ferrous sulfide in the natuie of a secondary reaction 
after the peat has been subjected to some temperature? Normally, 
it seems to be rather diflS^cult to form FeSj in the presence of moisture 
where the temperature is low, but when the moisture is somewhat driven 
out and the temperatures caused to rise, then there is considcralfiy more 
tendency to form the FoSj than the FeS. That might be the result of 
secondary transformation after the vegetable matter had begun to bo 
subjected. 

R. Thiessen. — There are four ways in which the sulfur is taken care 
of in the formation of ferrous sulfate in the presence of decomposing 
organic matter. (1) Hydrogen sulfide is produced by the dooompoHi- 
tion of organic substances by means of bacteria and with a reaction of 
ferrous salts to ferrous sulfate. (2) Certain sulfatc-roducing bacteria 
in the presence of organic matter take the oxygen from the sulfates, reduc- 
ing them to sulfides. (3) If sulfides, like calcium sulfide, arc present, 
the carbon dioxide and water transform them into hydrogen sulfide. 
(4) Bacteria in the presence of decomposing organic matter will reduce 
free sulfur to hydrogen sulfide. 
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In the work upon peat, observations have made me believe that bac- 
teria form these little nodules shown in the illustration. There are 
always present in the woody parts of the peat bacteria that have a gela- 
tinous form, are spherical, and a little larger than these pyritic particles. 
These organisms ripen into a dull mass and give evidence of a transforma- 
tion into these pyrite particles. This investigation has not been carried 
on far enough. 

H. C. PoETEH, Philadelphia, Pa. — In connection with spontaneous 
heating of coal, it is of interest to note that Dr. Thiessen calls attention 
to the fact that there are two physical forms of pyrite that occur in coal. 
In his reasoning on the origin and occurrence of sulfur, he does not 
include the lenses, balls and masses of pyrite that occur in large units, but 
treats rather of the very fine microscopic pyrite. It would be of particu- 
lar interest to know, approximately, how large a proportion of the total 
sulfur in ordinary commercial coal brought to market occurs in these 
balls and lenses.. From a practical standpoint, in the spontaneous 
heating of coal, these large units have very little to do with the heating. 
But if sulfur in coal has an 3 rthing to do with the heating, as I think most 
authorities agree it does in some degree, it is from the finely divided 
microscopic pyrite rather than from that in the form of balls and lenses. 

R. Thiessen. — ^Just before I left Pittsburgh, I wanted to look o'irer 
the original block from which the sections illustrated on p. 914 were 
made, in order to study the proportion of that part of the coal derived 
from the woody matter to the attritus. But I found that the block of 
coal had turned to dust; it is just a powder. I recall another piece of 
coal that contained this form of sulfur that also had gone entirely into a 
form of dust. 

A. C. FimIjDNbe, Pittsburgh, Pa. — When the entries of the experi- 
mental mine*® of the U. S. Bureau of Mines were driven in the Pittsburgh 
B(h 1 at Bruccton, Pa., samples of coal were taken in vertical sections at 
intervals of 10 to 50 ft. (3 to 15 m.) over a distance of 700 ft. from the 
outcrop. Analyses of those samples showed that considerable alteration 
of the coal substance had taken place in the first 40 ft. from the outcrop, 
the degree of alteration decreasing with distance from the outcrop. 
The alteration manifested itself in a decrease of calorific value (16.3 per 
cent, at 6 ft., 6.6 per cent, at 20 ft., etc.), an increase of oxygen (amount- 
ing to 10 per cent, of the coal at 6 ft.) with a corresponding decrease of 
carbon and hydrogen, and a decrease in the total sulfur content in the 
weathered coal. 

» H. C. Porter and A. C. Keldnor: Weathering of the Pittsburgh Coal Bed at the 
Experimental Mine near Bruceton, Pa. U. S. Bureau of Mines Tech. Popsr 36 
(1014) 19-22. 

you 
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The percentage of sulfur in the weathered parts of the bed was less 
than half of that in the fresh coal, probably because of oxidation of py- 
rites to iron sulfate and the leaching effect of surface waters. The fact 
that half of the original sulfur, however, was still present in the outcrop 
coal after long exposure and weathering, and that both weathered and 
unweathered coal contained only traces of sulfate sulfur, indicates cither 
a remarkably slow rate of oxidation of pyrites or the presence of some 
other form of sulfur, such as organic sulfur, which is more stable toward 
oxidizing influences. In order to determine the form in which this re- 
sidual sulfur occurred in the weathered coal, the following experiments 
were made: 

Two samples of weathered and two samples of unweathered coal wore 
carefully crushed to pass through a 40-mcsh sieve. All dust finer than 
60-mesh was removed. The 40 to 60-mesh material was then subjected 
to a float-and-sink test in a zinc-chloride solution having a specific 
gravity of 1.35. The float coal was skimmed off and then stirred into a 
second zinc-chloride solution of the same specific gravity. In this ■way 
most of the pyrite and other free impurities were removed from the nearly 
pure coal. The float coal was thoroughly washed with a hot 1 :6 solution 
of hydrochloric acid until the washings gave no precipitate or blue colora- 
tion with potassium ferrocyanide, and the acid was removed by washing 
with hot water. After drying the washed coal, determinations of total 
sulfur, iron, and ash were made. The results are given in Table 1. 


Table 1. — Organic Sulfur in Weathered and Unweathered Coal 


Item 

j Weathered Coal 

Unweathered Coal 

Laboratory number 

12,350 1 

12,347 

i 1 

; 12,560 , 

12,558 

Distance from outcrop, feet 

Analysis of dry coal before washing 

1 I 

i 

® i 

1 

; 380 

630 

Ash, per cent 

10.25 i 

8.72 I 

7.42 i 

6.43 

Total sulfur, per cent 

Analysis of float coal, 40 to 60 mesh, dry 

0.60 ; 

1 

0.60 

2.01 ! 

1.00 

i 

Ash, per cent 

1 1.65 : 

2.21 i 

4.03 

3.30 

Total sulfur, per cent 

1 0.67 1 

0.68 

1.21 

0.90 

Iron, per cent 

0.06 

0.08 

0.38 

0.19 

Pyritio sulfur, per cent 

0.07 

0.09 

o.4:j 

0.22 

Organic sulfur, per cent 

0.60 

0.59 

0.78 

1 

0.68 


In the two samples of weathered coal from near the outcrop, little 
pyrite could be detected with the microscope on examining the rmduo 
left after elutriating the powdered coal with water; in the unweathered 
coal, pyrite was readily collected by the same process, especially in 
sample 12,560, which contained 2.01 per cent, sulfur. The results of the 
wasMng experiments indicate that the sulfur in the weathered coal is 
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practically all in the form of organic sulfur, as no material lowering of the 
sulfur content was produced in the specific-gravity separation, and the 
iron in the ash of the float coal can account for not more than 0.08 per 
cent, sulfur. The computed figures for orgam'c sulfur in the unweathered 
coal are of the same magnitude as in the outcrop coal, a relation that may 
indicate that this form of sulfur is not affected by weathering reactions. 

11. D. Hall. — I must protest against the suggestion that you can 
prove anything about the permanence of sulfur under heat by stating 
anything about its action under weathering. I am not considering 
weathering, but heat. I am perfectly willing to believe that the pyrite 
will weather a great deal faster than the organic sulfur, but I am not so 
ready to believe that when the coal is heated the organic sulfur will 
resist nnluction. Rather, I surmise that it is first to be driven off and 
that the pyritic sulfur is driven off later. I cannot feel that my state- 
ment is made less strong by anything that is brought up about weather- 
ing, which is an altogether different operation. 
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Geographic Distribution of Sulfur in West Virginia Coal Beds 

BY I. C. WHITE,* PH. D., LL. D., MOKGANTOWN, W. VA. 

(Chicago Meeting, September, 1919) 

Only two factors appear to be directly responsible for the geographic 
distribution of sulfur in the coal fields of West Virginia: these are the 
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stratigraphic position of tho coals in question, and f-h<i ca.s(,\v;u-<i or 
westward location of the deposits. There appears to hf' .a progres-sivo 
increase in tho sulfur content of West Virginia coals frt)ni the oldest 
Pennsylvanian deposits in the Pocahontas, New River, and Kanawha 
Groups of the Pottsville Series up through the Allegheny, ( '(nuunaugh, and 


* State Geologist. 
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Monongahela, culminating in the thin coals of the Dunkard Series of the 
Aitinsk or Permo-Carboniferous. In these newest coals, a maximum 
sulfur yield of 8.80 and 9.90 per cent, has been found in the Dunkard Series 
coal beds of Wood and Ohio Counties along the extreme western boundary 
of the state. T.hen, since the lowest and oldest of the Pennsylvanian 
beds crop out farthest to the east along the Virginia border and succes- 
sively higher and higher groups make their appearance westward, it 
follows that there is an increasing amount of sulfur in the West Virginia 



(uiiils in going from the cast to the west. This law holds good not only 
for th<5 groups and series, but also for the individual beds where such can 
b(^ tra(’.<',<l over a wide area, like the celebrated Pittsburgh coal. For 
instaiuio, this coal in Mineral County at the extreme eastern boundary of 
the Pennsylvanian, contains only 1 to per cent, of sulfur, and in 
Maryland often less than 1 per cent., but farther westward this increases 
to an average of 2..50 in Marion and Monongalia Counties, to 4 per cent, 
in Marshall and Ohio, and still farther westward, on Captina Creek in 
th(^ State of Ohio, it is reported to contain over 5 per cent of sulfur. 
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Mr, R. C. Tucker of the West Virginia Geological Survey staff has 
collated all the analyses of West Virginia coals published by the West 
Virginia Geological Survey and others embodying them into the form of 
a chart, Table 1, which gives the quantity of sulfur found in each of 
seventy-two beds of coal in each of the counties of the state where the 
coals in question occur. This chart also gives the coals by series, and 
their average for each county, as well as the number of analyses, and the 
average percentage of sulfur in each bed for the entire state. 



Fio. 3. 


Based upon this chart, Mr. Tucker has prepared a aeri<>H of nmps 
showing how the percentages of sulfur in tho Weat Virginia (wals nr<* 
distributed geographically over the state. Fig. 1 shows the north westward 
increase in sulfur content of West Virginia coals by founti<>a. M r. 'rin-ker 
has also prepared maps showing the geographical disf ril>utioii of the 
several coal groups and scries and the average sulfur content by counties 
for each group or series. These maps, with sulfur legends corresponding 
to those in Fig. 1, form a very interesting exhibit beginning with the oldeat 
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Pennsylvanian coals, or Pocahontas Group, as shown by Fig. 2, in which 
the sulfur content is at a minimum in the five counties containing the 
principal deposits. 

The New River Group of coals comes next above the Pocahontas 
beds ; unlike the latter it stretches entirely across the state from northeast 
to southwest, and, as may be seen from Fig. 3, everywhere averages below 
1 per cent, in sulfur except in Wyoming County, where the average (1.02) 
rises slightly above that figure. It will also be observed that the sulfur 



in tlu! N(\w Riven- Group averages slightly higher than in the underlying 
Pocahonl.as Group of coals. A representative of the New River Group 
oxisls in Tucken- County, but since no analyses are available from this 
N<!W Rivtn- coal in that county the latter is unrepresented on the map. 

'‘Hk'. Kanawlia Group of coals appears to represent mainly the Mercer, 
tiuakertown, and Sharon Coals of western Pennsylvania, but they are 
tlun and of practically very little commercial value in the northern half 
of West Virginia. They do not attain much value beyond i,ho meridian 
of Nicholas County and, while still low in sulfur, reveal an incresuse over 
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that shown by the coals of the underlying New River. Preston County 
has no workable coals in this group, and hence the high sulfur (3.10) 
shown there has no significance, being common to most thin seams in 
every formation, while the average (2.53) for Webster County will most 
probably be reduced when more development takes place. 

Next above the Kanawha measures comes the Allegheny Series of 
coals, likewise stretching entirely across the state and extending farther 
west than the Kanawha Group. Fig. 5 reveals a still higher percentage of 



Ft«. 5. 


sulfur in these coals for the several counties in which sainplt^ have. b('eu 
analyzed than is found in the underlying Kanawha Groiij), a« shown fty 
the preceding Fig. 4. It will be noted that, aside from Tucker (’ounl.v, 
all the very low sulfur counties of the Allegheny ScricH, lik(! Nicholas, 
Fayette, Raleigh, Boone, Logan, and Mingo, lie in the southwestern part 
of the state; also that the extreme northwestern countii's like Wood, 
Pleasants, and Hancock, are highest in sulfur. 

The Conemaugh Series of coals overlying the Allegheny lu'ds f:di olT 
in their outcrop still farther westward, and reveal an increasii in sulfur 
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content as shown by Fig. 6, over that occurring in the Allegheny coals 
below, attaining a maximum of 5.37 per cent, in Cabell County at the 
western boundary of the state. 

The Monongahela Series with the great Pittsburgh Coal at its base 
comes next above the Conemaugh measures and encroaches still farther 
on the western boundary (Ohio) line of the state. The percentage of 
sulfur in these coals as a whole, as shown by Fig. 7, is seen to be higher 



t,luui in Fig. 6 whi(‘h represents the underlying Conemaugh Series of 
coals. 

The Dunkard Scries of coals is at the summit of the stratigraphic 
column of Wvni Virginia, and contains a fossil flora and fauna that assign 
tlu^ IxhLs to the basal Permian, or Artinskian, the coals of which, like 
thos(^ of South Africja and Braz;il, are notoriously high in sulfur, those of 
Brazil av(n%nging (5 per cent. The few analyses of these coals available 
from Virginia appear to maintain their reputation for high sulfur, 
simu! only one of the West Virginia counties shows less than 2 iier cent., 
while om^, (Wood) goes to 8.80, and another (Ohio) attains a maximum of 
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9.90 per cent., the highest sulfur ratio yet found in the Appalachian 
field and well illustrating the great increase in sulfur content of West 
Virginia coals in passing from the lowest of the Pennsylvanian (Poca- 
hontas) upward to the summit of the stratigraphic column. The 
geologic causes that have given origin to this increase of sulfur content 
with the successively younger and younger age of the several coal groups, 
the author leaves open for discussion. 



DISCUSSION 


J. W. Paul, Pittsburgh, Pa. — The author has not made any eontrsust 
with the sulfur content and the other constituents of tho coal, and I 
think it might be well to give that feature some oonsichTaf.ion. Tho 
coals, as you go in the northwesterly direction in West Virginia, ahow a 
gradual increase in sulfur content and I believe that will bo true in regard 
to the volatile Content. The southeastern coals, I’ocnhontaK itnd Now 
River coals, haye a much lower volatile content than the coals fjiH her 
west in the various series. 
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The Chaikman (H. H. Stoek, Urbana, 111.) . — The Coal and Coke Com- 
mittee, in arranging the symposium on sulfur in coal, has tried to secure 
papers covering the following points: (1) The geological and chemical 
distribution of the occurrence of sulfur in coal, such as its method of 
formation, the chemical forms in which sulfur occurs, and the distribu- 
tion of sulfur through the seam. (2) Geographical distribution of sul- 
fur in the same coal bed in different districts or in the same district. 
(3) Removal of sulfur by washing or other means. (4) The effect of 
sulfur in coal upon its use in boilers. 



H. A. Tavi.ou, Pittsburgh, Pa. — I am satisfied from my own investi- 
gations tiiat the geographical distribution is only in a general way de- 
tt'rminativo of the amount of sulfur in coal. Those of you who have 
gone through a mine taking samples will readily realize that in the same 
miim llu! (listrihution of sulfur is greatly different. In one mine near 
l'’airmounl., tlu'. sulfur in one part of the mine will run about per cent, 
juul leas than H mi. away, it will run up to 2 per cent, or more. I have 
the same information on a number of other mines, so that I doubt very 
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much whether, as a general rule, it is possible to establish the fact that 
geographical distribution follows out any such lines as seem to be in- 
dicated in this paper. There are a number of phases that present them- 
selves in connection with the sulfur. The one that the Chairman 
brought out first, as the geographical distribution, seems to me one that 
ought to carry with it a good deal more investigation than we have had in 
the past. 

The sulfur contents in coal vary so greatly that it is pretty doubtful 
at the present time whether or not we know exactly how it is formed. 
Recent investigations have shown that the sulfur is deposited not only 
in inorganic but in organic forms. 

Some thought has been given to the lines of sulfur as following the 
age of coal. It seems to me that while this is a good clue to start w ith, 
yet all we need to do is to think of the conditions that exist in the differ- 
ent coal seams. For example, the older scams in Ohio arc the highest in 
sulfur, while some of the later seams are lower, and the reverse of this is 
the case in West Virginia; so that the geographical period at which tlu^y 
were laid down cannot form any uniform rule as to the amount of sulfur 
in coal. Whether or not further investigations will reveal souuUhing 
more specific I am not sure, but I am inclined to think that they will. 

Another phase of this, which has been discussed or at least mentioned 
by some writers, is the relation of the coals to the upheavals, the greutt 
upheavals of the Appalachians, for instance. Those nearest the line of 
rupture have the least sulfur. The heat there generated has appunuitly 
taken away some of the sulfur; that, again, cannot bo followed fully 
because we have had examples where the contrary would exist. When 
we consider the sulfur element and its combinations in varied forms, 
are confronted with the fact that there is probably some other condition 
in the formation of the sulfur in coal, as to its use at least, that needs 
some further investigation. 

Some time ago I visited a mine in the Wayncsburg Seru^a. The coal, 
when used any place except under forced driift burned clearly and gav<‘ 
off good heat, but when put under forced draft the little partiedes of 
ash appeared to fuse and form a coating over the coal so that tlu^ 
would die out in a very short time. I have seen the same thing in s(*veral 
other seams of coal. In one case, that of a mine I investigated, aft<'r W(^ 
determined the amount of sulfur, which was not so cxcc‘ssiv<dy Iiigh, we 
determined the fusion point of the ash; and hero we found the diflietilty. 
The fusion point of the ash was so low that, although the sulfur was only 
medium, we could use that coal only when the fusion point was below 
that of the ash in other words, not under forced draft. 

Some of our research in the futuro-should be along t\m line of tim ash 
contents, with reference to its combination with the sulfur. Along tfint 
line, there is more hope of realizing what we need than by Just a 
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plain statement of so much sulfur. The possibilities of the chemical 
compounding of the sulfur in the coal with the ash under dijfferent degrees 
of heat, I think, is an item that will require an investigation in the near 
future, and I am inclined to think will result in more satisfaction to the 
users of coal, when they know under what condition the sulfur can be 
best utilized, than the mere statement that coal has a low sulfur content. 

A. C. Fieldnee, Pittsburgh, Pa. — The Bureau of Mines has made a 
suivcy of the fusing, or softening, temperature of the ash of many of the 
West Virginia coals/ especially those from the Pocahontas and New 
River fields. In general, the softening temperature of coal ash from the 
various fields of the United States ranges from 1900° to 3100° P. (1038° 
to 1705° C,). For convenience in discussion, the order of fusibility of an 
ash may be expressed by subdividing this range of softening temperature 
into three groups as follows: Class 1, refractory ashes, softening above 
2000° F. (1427° C,); class 2, ashes of medium fusibility, softening between 
2200° and 2600° P.; class 3, easily fusible ashes, softening below 2200° F. 
(1205° C.). 

The West Virginia coals include representatives of all three classes of 
fusibility. On the basis of the average of all mines sampled from each 
coal bed, it is found that with the single exception of the Lower Kittan- 
ning bod, all the beds of the Monongahela, Conemaugh, and Alleghany 
s('xu^.s belong to class 3. There arc, of course, individual mines here and 
there, as, for example, in the Pittsburgh bed in Marion County, which 
come in the lower part of class 2. Almost all of the mines in the Poca- 
liontas No. 3 bed in McDowell County and half of the mines in Mercer 
Cbunty belong to class 2. The remainder are in the lower part of class 1. 

The ash of New River coal is largely in class 1, the Sewell bed averag- 
ing over 2680° P. (1412° C.), as compared to 2460° F, (1360° C.) for the 
Pocahontas No. 3 bod. The other important bed of this field is the Beck- 
k^y or War Crook, which has a uniformly refractory ash averaging over 
2800° F. (1536° C.). 

In so far as tested, the Kanawha coals comprising the Coalburg, 
Wiiiifrede, Cedar Grove, No. 2 Gas and Eagle beds show a very refractory 
ash* Very little if any clinkering should bo experienced in using these 
c.oals* 

(r. II. Elmobe, Philadelphia, Pa. — Mr. Taylor^s remarks bring to 
mind how sulfur can vary in a single mine. A company in Pennsylvania 
that owns several coal mines had been selling the product of one of them to 
a railroad for many years, without any trouble whatsoever, when sud- 

* W. A. Solvig, W. C. Ratliff, and A. C. Fioldner: Fusibility of Coal Asb from the 
Ixitcrbr Provlnoo Coals as Compared with West Virginia Coals. CUm. & 

Mg. (1919) ao, 274-276. 
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denly the coal from this mine was refused because of the high sulfur con- 
tent. Investigations were made by taking samples at all the headings, 
all of which were a long distance from the shaft and more or less in a 
circle. To their amazement, they found the railroad company’s assays 
to be correct and it became necessary to shut down the mine. This case 
suggests that before large operations are undertaken at any mine, it will 
be well to find by drilling how the sulfur runs through the field to be 
operated from that shaft. In this particular instance, a careful investiga- 
tion of the coal shows that in so-far as the sulfur content is concerned, 
it can be removed to make a good byproduct coke. 
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Demonstration Coal Mines* 

BY J. 3 . BUTLEDaBjt PH. D., MCALBSTES, OKLA. 

(New York Meeting, February, 1920} 

The United States Bureau of Mines established at Bruceton, Pa., in 
1909, an experimental mine, for the purpose of testing the means of pre- 
venting and limiting mine explosions. During the last ten years numer- 
ous explosions have been caused to originate in this mine for investigative 
purposes and the rate of propagation of the explosion wave, the pressure 
developed per unit of area by the explosions, and the general results of the 
explosions have been carefully recorded and studied. Means of pre- 
venting mine explosions or of limiting them to the areas in which they 
originate have been developed. A great deal of valuable information 
has been derived from the work in this mine and much more useful and 
valuable information will be obtained in the future. The writer would 
plead, not for the opening of experimental mines in all the important coal- 
producing fields in the United States, but for the opening of demonstra- 
tion mines, or mines in which experiments could be made with the various 
details of coal mining. 

The United States Department of Agriculture has established, in 
nearly every state, stations that undertake experimental work for the 
benefit of the agricultural interests. In addition, small demonstration 
plats are sot aside, in suitable locations in the farming districts, where 
various crops are grown under scientific direction, so that the farmers in 
the neighborhood can note the results obtained and profit thereby. 
Something like this should be done for the coal-mining industry. If 
experimental or demonstration mines wore established, methods of work- 
ing adapted to local conditions could be worked but. 

Owing to competition in the same markets, small capitalization, or 
low profits, it may be an utter impossibility for any one company to try 
a new method of mining. Labor conditions may prevent the trial of a 
now method of working. It may bo impossible or inadvisable to dis- 
turb existing working conditions for fear of causing trouble among the 
minors through real or fancied changes in the scale of wages. 

The first and most important investigation to be undertaken in these 
demonstration mines would be the trial of various methods of working 
coal mines until a satisfactory plan had been demonstrated for each 

* Published by PeruisBion of the Director, XT. S. Bureau of Mines, 
t Mining Enginoor, V, S. Bureau of Mines. 
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particular district. It would doubtless be necessary to carry on the work 
for several years before an acceptable method of working was manifested. 
The various details of mining associated with such method could then be 
experimented with and the best methods demonstrated. 

If a certain method or plan of working had been shown to be the 
safest and most efficient, public opinion would force coal operators to 
adopt the new methods of working, if they did not do so voluntarily, and 
public opinion _ would also furnish moral support to the operators in 
overcoming any opposition that the miners and other employees might 
manifest toward the installation of the new and better method. 

If a new method was found to be safer and more economical than the 
one in use, the authority of the state could be invoked to support any 
operator who desired to adopt it. Very few coal-mine operators wotild 
dare run counter to public opinion, even were they to ignore the financial 
benefits to be derived from the adoption of the new plan. Compensa- 
tion insurance companies, through their mine inspectors, would give 
credit to those mines that adopted the new methods, with the result that 
their liability insurance would be materially reduced in cost. 

It is well known that coal minors flock to new mines and new camps, 
where the housing and living conditions generally are better than in the 
older camps, and the miner’s working conditions underground can be 
made satisfactory from the inception of mining operations. A new and 
better method of mining would not compel the miner to walk long dis- 
tances to his working place, through poorly brushed haulage ways or man- 
ways — perhaps up and down steeply pitching scams. The new plan would 
take him to his working place, either by means of a safety car or a man- 
trip, or by a short walk through well-brushed roadways or manways, with 
a minimum amount of walking. He would then bo in condition to 
form a good day’s work, as he would not be tired by his long walk, 'riie 
ventilation, also, would bo such that the employees would be able to do a 
good day’s work. The operator who adopted the new plan woid<l have 
his choice of the miners and their work would be efficient. 

It seems strange that coal operators will expend large sums of money 
for improved mining machinery and fail to have conditions, both under 
and above grmmd, made such that the employees will bo able to perforin 
efficient labor. It is time that technical skill be omployod in the undt^r- 
ground workings of coal mines to something like the extent to whie.U it 
has been employed in planning and equipping the surface plant. The 
most costly surface plant will be useless unless commensurate ('uginoeriiig 
skill is employed to develop and maintain the underground workings. 

No mine can long operate unless a profit is made, ( tonerally speak- 
ing, coal-mining companies are of relatively small capitalisation and must 
have an immediate return on the investment— there can bo no long wait 
for dividends, as there is in some other lines of business. No mining 
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company can afford to abandon the old prevailing methods and try out 
new methods of mining, no matter how promising, for fear that the new 
methods will prove to be unsuccessful and there will be no dividends. 
Again, owing perhaps to close competition, one or more of the mining 
companies may not be on good terms with the other mining companies in 
the same field, and hence may hesitate to try out a method of working 
that may prove to be successful and eventually adopted by the competi- 
tor, who will reap the benefits of the new method without having expended 
cither time or money in trying it put. But a demonstration mine, 
operated under government supervision, supported by government funds 
— perhaps augmented by financial support from the coal operators of the 
vicinity — can try out various methods of mining and by experiment find 
which methods are best adapted to the field. In this way, each method of 
working would be given an impartial trial under disinterested engineers 
and miners, whose only purpose would be to learn what method of 
working was best suited to the region; coal-mining men, including coal 
miners with a practical working knowledge of improved methods of 
working as carried out in other fields, could be used as a supervisory 
consulting board of engineers and miners. Each person on the board 
woxild have a voice in determining the plan adopted and in putting it 
into execution. 

Since the mine would be under government supervision and the sole 
purpose for its operation would be safety and efficiency, it would prob- 
al)ly b(i free from some of the onerous working conditions that frequently 
are incorporated in the wage agreements in some of the coal fields. The 
actual true working efficiency of man and machine could be ascertained 
without the result being subject to doubt or criticism. If results of value 
were obtained, the entire coal-mining industry in the field where the 
demonstration mine was located would profit thereby, since the informa- 
tion would bo free to all. In like manner, if negative results were ob- 
tained the entire coal field would bo informed so that others would not 
try the plan. 

Incpiirbs among coal operators in various coal fields seem to indicate 
that coal operators will support such demonstration mines both morally 
and financially. Indeed, it is believed that were such demonstration 
miiu's to lack financial support from the government, the various mining 
(‘.ojupanies in the neighborhood of the mine, who would bo most intor- 
<«t<Hl in the results obtained, could be persuaded to furnish the funds 
ncHsessary to carry out work in such a mine, the amount necessary being 
raised by a voluntary assessment on each mining company interested. 
There would bo pome revenue from the coal produced in the demonstra- 
tion mine so that some of the money advanced would be returned to those 
companies that subscribed to the fund. The coal mined would probably 
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be of such grade and quality that it would bring a good price since it 
would be mined under careful supervision. 

Since coal seams differ in character and the same seam may greatly 
change its nature within the distance of a mile and, more over, the nature 
of the roof or bottom may, and many times does, change within a very 
short distance so that a method of mining which is successfully followed 
in one mine may not be at all adapted to the conditions found in a mine 
a mile distant, it is, in many cases, necessary to develop plans of working 
suitable for each particular district. 

Various methods of mining can be tried out to ascertain whether or 
not they are adapted to the conditions in the field where they arc tried. 
If the work in the demonstration mine proves successful, from both an 
engineering and a business standpoint, the methods can, and doubtless 
will, be adopted by the other mines in the field where the demonstration 
mine is located.) 

Among some of the experiments that could be tried arc the following : 

Some satisfactory method of stopping the slacking of mine roofs 
during the summer, by the use of the cement-gun or some other form of 
coating to protect the roof in the mine. 

By experiment find what method of mining is best suited to 1.1 lo fusld: 
If pillar and room, double entry or entry and air course, or parusl 
system; best width of rooms and pillars, most economical depth of 
rooms, most satisfactory width and length of room nocks, rooms turned 
off entries at right or at acute angles, concentrated workings. If 
longwall: Whether advancing or retreating. If advancing: Scotch or 
45° system,' or face track; by hand mining or by macihine. If retreat- 
ing: angle face or straight face, conveyor or face track. 

Better method of timbering entries and air courses; details of long- 
wall advancing: to dotormino by oxporiment tho angle of break for 
machine and hand mining and distance between tho linos of break in 
both methods, and the amount of subsidence. 

Best methods of timbering roadways and airways in any 8|>ocial 
coal field: control of squeezes; best methods of eaiuung roof to break; 
suitable means for combating bottom heaving; proper explosives; 
most satisfactory mining machines; method for reducing tho depreciation 
of mining properties; improved methods of haulage; bettor ventilation 
systems; generation and distribution of powop-Hjgpooially ohictricity; 
more efficient pumping arrangomonts; safer shot-firing methods, moehan- 
ical loaders; underground drag-line systems 'for loading coal into mine 
cars; a combination method of mining the coal and the overlying or 
underlying shale and the test of the roof or bottom shale in metallurgical 
plants or in the manufacture of brick or terra-cotta ware. 
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DISCUSSION 

H. M. Wilson,* Hartford, Conn, (written discussion t). — Doctor 
Rutledge makes a most timely suggestion in his paper and one that should 
have the hearty encouragement of all persons interested in the coal-mine 
industry. It is unnecessary to tell mining engineers that our coal- m ini n g 
methods are wasteful, vastly more so than those of some European 
countries and, in the aggregate, those of a few American mines operated 
under favorable conditions or with a view to maximum recovery. The 
visible coal msources of the United States, as with petroleum and a few 
other resources, are so limited that a few generations will witness their 
practical exhaustion. Certainly a few generations will necessitate 
annual reduction in consumption instead of the present great annual 
increase. The only way in which the life of these fuel supplies can be 
extended is by more ef&cient and economic use in consumption, and by 
more economic, efficient, and complete methods of recovery and prepara- 
tion in the course of production. 

The demonstration mines suggested by Doctor Rutledge should offer 
the needed medium through which to determine the most efficient and 
complete methods of extracting and preparing coal for shipment. The 
cost of operation of those mines would alone be returned to the people 
of the country as a whole in the economy secured through such demon- 
strations. Demonstration mines will go a long way toward helping 
state mine inspectors, insurance inspectors, and mine operators to 
teach subordinate mine officials and mine workers those means best 
adapto<l in each mining district to develop the most safe and healthful 
method of working. The cost and method of operating such mines should 
bo readily mot and dotorrninod through one or othcir of several channels, 
among which may bo mentioned state mining colleges, mine operators 
nsHociations, siiocial legislation enactment. The funds should come 
largely from subscription in stock in the mine by mine owners, and the 
<! 0 ()rdinat.ion of tho rosoarchos and methods to be pursued should be by 
th(^ lt'od('.ral Bureau of Minos. 

Anythitig that will add to tho safety and welfare of the mine workers 
will roHull in a direct profit to tho mine operator and a material betterment 
of employment and labor conditions. In all states whore there are work- 
mtm’s compensation laws, tho premium rate for insured mines is reduced 
proportioiuifoly to tho improvement of tho safety measures adopted to 
protect tho insured employee. In tho case of self-insured mines, the 
sumo plan is, in some measure, adopted with a view toward reducing 
<!Omp«u8ation cost to tho owner. Purthonnoro, there can bo no question 
of tho direct return from expenditures of this nature, since they result 


* (jHiusral Manager The Aasociatod Companie#. t Received Feb. 16, 1920. 
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in keeping the men on active payroll a larger part of the time than is 
possible where injuries are more frequent or not promptly given medical 
care. Then there is the return for increased efficiency of the human 
machine due to good health and good working and living conditions. 

J. A. Ede, La Salle, 111. (written discussion*).— The writer pleads 
not “for the opening of the experimental mines in all the important coal- 
producing fields of the United States, but for the opening of dcmonst ia- 
tion mines, or mines in which experiments could bo made* with the 
various details of coal mining.” On page 94/ , he refers to a demonst ia- 
tion mine opei’ated under government supervision and supporled by 
government funds to learn what method of working was best suit ed to 
the region. The writer evidently recognizes the fact that in the same 
district the modus operandi in one mine would be of little service in 
determining the best methods to be employed in another within a 
distance of a mile. In order to satisfy the requirements of such a field, 
it would be necessary to open more than one demonstration mine. 

It cannot be logically disputed that experimental or demonstra- 
tion mines would be a valuable object lesson to tho jiarticular part of the 
field in which they were located and that after carrying ihc work on “for 
several years” an “acceptable method of working would bc! manifo.sted.” 
It should, however, be recognized that tho intelligence that would ulti- 
mately evolve the presumed acceptable method is at tho pro8<mt timo 
active in the field and if supported by such authority as rofomwl to, on 
page 946, would go far toward, if not pass, tho objective pointed out by 
the writer. 

The project as proposed covers a wide field and embraces so many 
diverse interests that it should bo studied with care. The carrying cnit 
of such a.scheme is a very different matter from tho oxpcrimeutal mint' a(. 
Bruceton, Pa., and the analogy between such a program anti that carrital 
on by the United States Department of Agriculture, while agrwiing in 
substance, differs materially in application. 

We believe that a closer relationship between the government, or st.a(o 
and the mines now in operation would prove of greater value at tho pres- 
ent than the scheme proposed. Tho writer introduces in his phui 
some matters that call for urgent consideration. lie says tluit labor con- 
ditions may prevent tho trial of a now method of mining. It may bo 
impossible or inadvisable to disturb existing working condit iona for fear 
of causing trouble among the minors through real or fancied (dianges in 
the scale of wages. The writer is evidently familiar with tho economic 
conditions of the Middle West coal fields; but if tho state of affairs he 
refers to is possible, is this not a condition that tho government should 
see is removed? It can be done without adding to the force now in the 

* Received Feb. 14, 1020. 
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field engaged by the federal and state departments. In one of the middle 
states the coal-cutting machine is being introduced in longwall mining. 
One of the operators of such a mine was told that he must assign a certain 
place or room to each miner. As the plea of the operator to the executive 
board of the miners is pertinent to the statement Mr. Rutledge has 
made, the operators’ objection is quoted : 

“In the competitive field of Illinois, some new method or system must 
be adopted other than is now in vogue, and I cannot but believe that you 
will encourage and support any attempt made along lines with this ob- 
ject in view in so far as such anticipated change does not lessen the earning 
power of the miner. To predetermine our future operations by arbitrary 
designated positions would seriously interfere with any plan or innovation 
on our present mode of operation. We therefore object to having to 
assign a special room to every miner along the machine-cut face. We are 
entering upon a new phase of mining that has shown how it can favor 
the earning power of the miner. There is no doubt that the efficient 
application of the mining machine is the only presentable salvation for 
this district; and though in its experimental stage, its application should 
not bo hampered by terms foreign to its use and applicable only to the 
old method of mining. In this case there is no attempt made to inter- 
ferc with tho earning power of the miner, unless it is to increase his 
wages. Wo object to having to place our men where we do not want 
them and our schoiuo of operation interfered with. We consider the 
demand made on us to be an infringement of the inalienable rights of 
tho operator to exploit his mine in tho way he thinks best. ” 

This, I presume, is only one case of many whore labor conditions may 
prevent tho trial of a ne^y method of mining. We hope, however, to 
loam that in this particular case tho action of the person who demanded 
the claim sot forth will not bo sustained. For the last few years, there 
has boon a pleasing approachraent between the opei'ator and miner. 

lloforontio is made to the importance of conserving the man power and 
to tho general improvement of the roadways and general conditions, 
whi(di would bo a part of tho study in tho demonstration mines. The 
writer again shows his appreciation of an important factor, but at no 
time in the history of coal mining has tliis factor been so analytically 
Httnli(id by the different operators as during tho last few years. In 
some districts, vocational training is being introduced and tho men are 
b nng convoyed to their working places in cars along illuminated road- 
ways. I agroo with Mr. Rutledge “that it seems strange that coal 
operators will expend largo sums of money for improved mining machin- 
ory and fail to have conditions under and above ground made such that 
the oinployooa will be able to perform efficient labor. ” 

Tho falls from tho roof in a mine in this district were materially re- 
duced after an improvement in tho system of regulating the air-current. 
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more attention being given to the pressure, humidity, and temperature 
of the circulating current. To facilitate the measurements, standard 
areas representing the minimum area of the airways were placed in 
different parts of the mine with a thermometer showing the temperature 
where the velocity of the air was taken. The mine inspector was able to 
check some of his measurements from the same location. A study of 
the humidity and constituent of the air has been given considerable 
attention by" the Bureau of Mines. 

Some of the operators, I am informed, are today standardizing on their 
books the heads of their operating cost so that a closer estimate can be 
made of the comparative cost of operation, also comparing the result 
obtained from the different cut of the machines. All the matters men- 
tioned by Mr. Rutledge are the subject of the daily study of the engineer 
and no better place for their practice can be found than in the mines now 
in active operation. 

Another such mine as at Brucoton might serve a useful purpose in 
the Middle West and, perhaps, in the extreme West for matters of re- 
search, but for the determination of the best method for mining tho coal 
and the study of the various details of mining, there arc plenty of mines 
—the mines are already opened up. 
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Low-temperature Carbonization of Coal* 

BY S. W. PAEEt AND T. E. LAYNa,t UEBANA, ILL. 

(New York Meeting, February, 1920) 

The low-temperature carbonization of coal involves the carrying out 
of the coldng process under conditions wherein neither the coal mass nor 
any of the passageways through which the volatile products pass are 
heated above 700° or 800° C. For convenience in this discussion, the 
single number 750° will be used to designate the m aYi mum range. This 
temperature is not selected arbitrarily; it is the result of certain natural 
conditions that are inherent in the substances involved. Two of these 
conditions arc sufficiently pronounced to suggest a line of demarcation 
at this point as follows: (1) Below 750°, all the heavy hydrocarbons are 
expelled, which means that, at these lower temperatures, the illuminants, 
the gases of high calorific value, and the condensible oils are discharged; 
above 750°, there are given off the lean, non-illuminating gases con sis ting 
for the most part of hydrogen and marsh gas and having no condensible 
constituents present. (2) Below 760°, there is substantially no second- 
ary decomposition; above 750°, the volatile products are readily decom- 
posed, forming tars, naphthalene, free carbon, etc. 

It is not intended to maintain that no secondary decompositions occur 
below 750°. Many recent studies have demonstrated the practicability, 
especially in the presence of catalytic substances, of cracking certain of 
the hydrocarbon compounds; but at these lower temperatures the step 
is a moderate one, as, for example, from xylene to toluene or from toluene 
to an anthracene. These changes are moderate in amount. Not only 
do the reactions proceed slowly but they are subjected to the decomposing 
conditions for only a short time. This is evident when it is recalled that 
at these initial temperatures the decomposition of the coal is very rapid 
and, if anywhere near a neutral pressure is maintained, the movement 
of the evolved gases is lively and reduces, correspondingly, the time 
for tho retention [of the gases in the passageways where those milder 
decomposing conditions exist. 

It is acknowledged that the maintenance of these temperature condi- 
tions at tho present time has only an ideal and not a practical status. 
Actual operations under those conditions, as an industrial accomplish- 

* From material in preparation na a bulletin of the University of Illinois Enginoor- 
ing KxiMsrimont Station, by permission of tho Director. 

t Professor of Applied Chemistry, University of lilinoia. 

i Assooiato in Chemistry, University of Illinois. 
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ment, is still in the experimental stage. However, many tendencies 
and many experimenters, not to say promoters, are working toward this 
goal and the topic is certain to be one of great interest until we have come 
much nearer the ideal in practice. It is not the purpose of this paper to 
discuss possible methods whereby this end may be attained. Any in- 
■ dustrial process has in the main only negative results to report when it is 
in the development stage; otherwise it would not be in that stage. There 
is a definite value, however, in setting forth in quantitative terms, so far 
as they may have been determined, the factors that represent the normal 
yield to be expected if conditions arc maintained as planned. An added 
reason for offering such data is the tendency to make extravagant and 
unwarranted statements regarding the value and quantities that accom- 
pany the low-temperature process. 

The apparatus employed in these experiments is capable of handling, 
from 25 to 35 lb. of coal at a charge. The heat is applied by means of an 
electric current, the amount of resistance wire being so adjusted as to 
produce a temperature not over 800° C. The cross-scction of the retort 
is 7^ in. Pyrometer readings are taken at the center of the mass ami 
next to the wall of the retort. The coals employed were mainly from 
Illinois but the experiments wore extended to include samples from Indi- 
ana, Kentucky, West Virginia, and Pennsylvania. As already noted, it 
is the purpose of this paper to give as nearly as possible what may bo 
looked upon as a normal value for the different products obtainable from 
the various coal samples employed. In this particular, thort'fore, it is 
supplementary to bulletins already published by the Engineering Experi- 
ment Station of the University of Illinois, wherein chief attenllon was 
given to methods of manipulation and where quantitative data as to by- 
products were meager and occasionally in error.* 

The results given in the tables arc sufficiently specific and a furl bin' 
discussion must be reserved for the bulletin wherein it is hoped that addi- 
tional data will bo available concerning the composition of certain of th<! 
byproducts, especially the tars. Attention may he called to certain items 
as follows: 

Pirst, the temperature conditions were maintained consistently 
throughout so that uncertainty on that point is oliminattul. 

Second, the yield of byproducts from a given type of coal is sufficient 
in form to afford strong presumption as to the fact that tlu‘St* are tlie 
normal values that may reasonably bo expected under low-temperaturc 
carbonization conditions. 

Third, the tars arc of unusual interest and require further study to 
arrive at full information concerning this product. Tlie high conttmt of 

» S. W. Parr and H. L. Olin: The Coking of Coa! at fxjw Teiuporature, HuH, flO 
and Bull. 79 (1913, 1915). 
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Table 2. — Temperature Readings at Center of Mass 


No. 

Sample 

End of 
First 
Hour, 
Degrees 
C. 

End of 
Second 
Hour, 
Degrees 

End of 
Third 
Hour, 
Degrees 
C. 

End of 
Fourth 
Hour, 
Degrees 

0. 

Total 
Time of 
Carbon- 
ization 

125 

Herron, Williamson Co., 111. 

300 

420 

590 

7C0 

4 hr. 







30 min. 

128 

Harrisburg, Saline Co., Ill 

300 

430 

OGO 

790 

4 hr. 







1 5 min. 

129 

Harrisburg, Saline Co., 111. 

275 

390 

590 

770 

4 hr. 







30 min. 

140 

Georgetown, Vermilion Co., 







Ill 

330 

375 

580 

800 

3 hr. 



45 min. 

130 

Fairmont, W. Va., Pitts- 







burgh seam, high volatile . 

330 

430 

590 

750 

4 hr. 







45 min. 

131 

Fairmont, W. Va., Pitts- 







burgh seam, high volatile 

290 

300 

GIO 

1 750 

4 hr. 







45 min. 

132 

Fairmont, W. Va., Pitts- 
burgh seam, high volatile. 

320 

395 

550 

730 

5 lir. 

135 

“Jenner Coal,” Somerset 
Co., Pa., “C prime” seam, 
low volatile 

320 

420 

505 

010 

G hr. 

136 

‘‘Jenner Coal,” Soxnersot 


Co., Pa., ^'C prime” seam, 
low volatile. 

320 

1 

450 

570 

730 

5 hr. 




Table 3. — Coke from Low-temperature Carbonization 


No. 

Sample 

Moist- 

ure, 

Per 

Cent, 

Ash, 

Per 

Cent. 

Volatile 

Matter, 

Per 

Cent. 

1 Fixtul 
C'arbon, 
Per 
Cent. 

hi 

j 

125 

Herron, Williamson Co., 111. . . 

O.ll 

13.48 

(i.Ol 

80.40 

1.89 

12,027 

128 

Harrisburg, Saline Co., Ill — 

0.55 

10. (!6 

6.15 

82.05 

1.78 

13,154 

129 

Harrisburg, Saline Co., Ill 

0.25 

0,60 

11.70 

78.55 

1.94 

13,207 

140 

Georgetown, Vermilion Co,, 111, 

0.22 

16.59 

5.02 

79.17 

1,47 

130 

Fairmont, W. Va,, Pittsburgh 
seam, high volatile 

0.63 

11.11 

1 j 

11.04 

1 

76. 62 

l.!7 

13,024 

1 

131 

Fairmont, W. Va., Pittsburgh 
seam, high volatile 

1 0.61 

1 10.31 : 

1 

5.62 

83.30 

1.00 

i 13,910 

132 

Fairmont, W. Va., Pittsburgh 
seam, high volatile. ......... 

0,31 

O 

d 

4.12 

85.78 

0.90 

i 13,851 

136 

^‘Jenner Coal,” Somerset Co,. 
Pa., C prime seam, low vola- 
tile 

0.29 

6.76 

3.83 = 

5 

87.09 

0.77 

14 4nfii 

136 

**Jenner Coal,” Somerset Go., 1 
Pa,, 0 prime seam, low vola- 

1 







tile 

0.18 

8.00 1 

4.16 

87.67 

1 0.75 

f4 
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TabIjB 4. — Tars from Low-temperature Carbonization of Coals 


No. 


Sample of Coal 


Yield per 
Ton, Gallons 


Specific 
Gravity, 
15.5® O. 


Free Carbon 
Per Cent. 


125 

128 

129 
140 

130 

131 

132 
135 
130 


Herron, Williamson Co., Ill 

19.75 

1.065 

Harrisburg, Saline Co., Ill 

22.00 

1.059 

Harrisburg, Saline Co., Ill 

23.56 

1.057 

Georgetown, Vermilion Co., Ill 

Fairmont, W. Va., Pittsburgh seam, high 
volatile 

13.85 

1.07 

28.33 

1.061 

Fairmont, W. Va., Pittsburgh seam, high 



volatile 

25.00 

1.06 

Fairmont, W. Va., Pittsburgh seam, high 



volatile 

29.25 

1.06 

*^Jonncr Coal,” Somerset Co., Pa., C 



prime seam, low volatile 

7.15 

1.1 

^^Jenne^ Coal,” Somerset Co., Pa., C 



prime seam low volatile 

7.0 

1.1 


1.8 

0.5 

0.5 

0.5 


0.5 


0.5 

0.5 

5.5 

10.7 


Tablia 6 . — Oas from Low-temperahtre Carbonization 


No. 

Coal Sample 

Yield, in 
Cubic Feet 
per Pound 

Heat Value in 
Eaob Foot, 
B.t.u. 

Sulfur in Each 
Foot-grain 
per 100 Ft. 

1 

125 

Herron, Williamson Co., Ill 

of Coal 

3.0 

A 

967 

B 

685 

C 

435 

A 

244 

B 

44 

c 

12 

128 

Harrisburg, Saline Co,, III 

3.2 

900 

628 

428 

391 

200 

96 

129 

Harrisburg, Saline Co., III. . 

3.2 

892 

676 

443 

303 

206 

93 

140 

Georgetown, Vermilion Co., III. . , 
Fairmont, W. Va., Pittsburgh 
s<satn, high volatile 

3.4 

845 

‘541 

465 

198 

122 

28 

130 

3.4 

995 

685 

462 

404 

254 

34 

131 

Fainuont, W. Va., Pittsburgh 
seam, high volatile 

3.3 

960 

631 

430 

444 

235 

34 

132 

Fairmout, W. Va., Pittsburgh 
soaiti, high volatile 

3.3 

946 

678 

450 

318 

69 

52 

135 

“Jeimor Goal,” Soinorsot Co., Pa., 
C prime seam, low volatile 

3.2 

632 

421 

362 

11 

2 

0 

136 

'• Jonnor Coal," Somorsat Co., Pa., 
0 prime seam, low volatile... i . . 

3.7 

745 

564 

410 

19 

13 

0 
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free carbon in the last two samples of Table 4 is due to dust mechanically 
carried over and not to secondary decomposition. 

Fourth, the gas yield represents unusually high calorific values. The 
columns A, B and C, Table 5, represent the first, second, and third 
foot of gas discharged per pound of coal. 

Fifth, the behavior of the sulfur is, in some respects, the most impor- 
tant of all the data. It will receive more detailed discussion in the 
larger publication. 

Sixth, the coke is, in many respects, the most interesting product of 
all and will be discussed more fully in the larger publication. It is suffi- 
cient at this time to say that the so-called non-coking coals of Illinois 
give promise of being advanced into the class of coking coals. 


Table 7. — Type of Gases Produced from Low-temperature Carbonization 


No, 

Coal Sample 

CO* 

0* 

CiH4 

CeHt 

H» 

CO 

CH4 

C2H« 

N 

125 

Herron, Williamson Co., Ill 

5.0 

1.1 

1.4 

1.1 

44.1 

6.6 

38.2 


2.0 

128 

llarrisburK, Halino Co., Ill 

4.7 

0.7 

1.9 

1.4 

48.1 

4.5 

33.0 

3.1 

2.1 

129 

Harrisburg, Saline Co., Ill 

4.0 

0.7 

1.0 

1.4 

47.8 

4.7 

29.6 

4.7 

6.0 

m 

Fairmont* W. Va., Vermilion Co., 
Ill 

3.9 

0.8 : 

1.6 

1.0 

47.3 

4.3 

33.2 

4.6 

5.0 

m 

Fairmont, W. Va., Vormiliou Co., , 
III 

4.4 

0.8 

1.7 

1.8 

44.0 

6.1 

32.8 

5.4 

4.0 

132 

Fairmont, W. Va., Vermilion Co„ 

in 

3.2 

0.7 

1.3 

1.7 

37.6 

.4.8 

29.5 

6.8 

4.5 

135 

“ Jenner Coal, *’ Somorsol Co„ Fa., 
C prime seam, low volatile 

1.1 

0.0 

0.6 

0.8 

58.6 

2.4 

29.0 

2.8 

4.3 

i;uj 

‘Mouncr Coal," »S»morHci C.lo., Fa., 
0 prime seam, low volatile 

0.6 

0.0 

0.3 

0.7 

06.1 

0.2 

28.4 

0.2 

3.9 
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Anthracite Mining Costs 


Discussion of the paper by R. Y. Noreis, presented at the New York Meeting, Febru' 
ary, 1919, and printed in Vol. LXI, p. 323. 


Ed'Waed W. Parker,* Philadelphia, Pa. — At the New York meeting 
of the Institute a year ago, Mr. R. V. Norris presented a paper on anthra- 
cite mining costs, in which he gave the results of an intensive study of 
this subject by the Engineers’ Committee of the United States Fuel 
Administration. Within the last 30 days, the Federal Trade Commission 
has issued an official report on the same subject, which covers a longer 
period of time and comprises statistics of realization values and margins 
that were not comprehended in the paper by Mr. Norris. As, however, 
the data utilized by Mr. Norris formed also a part of the basis for the 
report of the Federal Trade Commission, a brief digest of the latter may 
not be out of place at this meeting. 

The report of the Federal Trade Commission covers primarily the t.wo 
calendar years 1917 and 1918, divided into five periods which furnish 
opportunity for the study of how the influence of certain definite factors 
affected either the cost of production or the price, or both, during the 
24 months. The first period, January to April, 1917, which may be con- 
sidered the basic period, comprised the 4 months in 1917 during which tlui 
wageagreementofMay, 1916, without modification, wasin effect. During 
this period, the labor cost on fresh-mined coal is placed by the Com- 
mission’s report at $1.79 per gross ton, the total cost at $2.06, the average 
realization at $3.29, and the “margin” (sales realization over total f.o.b. 
mine cost) at $0.63. 

The second period covers the four months from May 1 to August 31 , 
during which time the first of the supplemental wage agreementa (sup- 
plemental to the agreement of 1916) was in effect. It was also the |wriod 
during which the summer discounts wore in effoet and when prices wer(^ 
practically fixed by a voluntary agreement between the operators an<l the 
Federal Trade Commission. It was, further, the period in whiidi the 76 
cents differential on prepared sizes permitted to the individual o{KiratorH 
by the Federal Trade Commission began; at that time, also, on aocount 
of war conditions an unusually large quantity of stoam sizes wore marketed 
at exceptionally good prices. On account of the two lntt<»r comlitions, 
not explained in the Commission’s report, the “margin”* on oiwrating 


* Director, Anthracite Bureau of Information. 

* “Margin" horo is placed in quotation marks for reasons that will cxptaiiuxl 
later. 
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cost increased to 79 cents, the total cost having advanced to $2.86, and 
the average realization price to $3.65. 

The third period covers the 3 months, September to November, 1917, 
dii'ectly following the Executive Order of August 23, 1917, fixing the 
maximum prices of anthracite domestic sizes, and when the supplemental 
wage agreement of the previous May was still in effect. The prices 
fixed by the Executive Order were, with one exception (that of pea coal), 
the same as those agreed upon by the operators and the Federal Trade 
Commission, and retained the differential of 75 cents a ton .permitted to 
the individual operators. During this period, there was a decrease in 
the operating “margin” of 2 cents a gross ton, the cost having increased 
19 cents a ton and the realization 17 cents. 

The fourth period, from December, 1917, to October, 1918, is the longest 
of the five. It constitutes the eleven months during which another 
supplemental agreement (that of November 17, 1917) was in effect and 
prices were still fixed by the Fuel Administration. A part of this period 
(from November, 1917, to May, 1918) is the time covered by Mr. Norris 
in his paper on anthracite mining costs. He showed that as a result of 
tlie supplemental agreement of November, 1917, the cost of production 
had increased 76.3 cents per ton, while an advance in price on the domes- 
tic sizes of only 35 cents a ton had been permitted by the Fuel Adminis- 
tration. The Trade Commission’s report shows that for this entire period 
the “margin” on the operating cost was 30 cents a ton less than during 
the preceding period, the f.o.b. cost having increased 66 cents while 
the average realization had advanced only 36 cents, or 1 cent more than 
the advance allowed by the Fuel Administration on domestic sizes alone. 

Tho last period covered by the Commission’s report is for the two 
months of November and December, 1918, when the third supplemental 
agreement, to tlio 1916 agreement, was in effect.. It was estimated that 
tlio advances given to labor by this agreement would increase the labor 
cost about 73 cents a ton on the entire production, or $1.05 if applied to 
tho prepared sizes alone, and this time the Fuel Administration permitted 
an advance of $1.06 a ton on tho prepared sizes. The Commission’s 
report sliowa that the cost of labor advanced 84 cents a ton instead 
of 73 cents, tho cost of supplies increased 20 cents a ton, and general 
expenses 9 cents a ton, making a total of $1.13 a ton, while the average 
realization advanced $1.02, or 11 cents less than the increase in cost, 
tho “margin” dropping to 36 cents, wliioh was 41 cents less than in the 
piiriod from September to November, 1917, and 27 cents, or 43 per cent., 
leas than in the first period covered by the Commission’s report. More- 
over, it must ho remembered that in thfe first period the 63-cont margin 
was on tho turn-over of $3.29, or a little less than 20 cents on the dollar. 
Tho lugh-margin period of May-August, 1917, was 79 cents on the turn- 
over of $3.05, or 21.6 cents on the dollar. 'The 36 ,oent-margin in the 
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final period was on a turn-over of $5.20 or a little less than 7 cents on 
the dollar. 

The Commission, in its report, says, “From this ‘margin’ would have 
to be paid any sales expenses, interest, and Federal taxes, the remainder 
being available for surplus and dividends.” The words “if any” might 
well be added after “remainder.” The Federal Trade Commission 
does not permit, as indicated, the inclusion of the itcm^ mentioned above 
in the statement of cost. And yet they are just as much a part of the 
expense of placing the product upon the market as is the cost oi labor. 
It is, of course, explained that those must be paid out of tlie margitis, 
and the trained student of economics will so understand, but the ordinary 
layman, in fact the ordinary legislator in Congress or in a state as.sembly 
and the ordinary newspaper writer will pass over that statement, and 
upon his mind the impression is made that “margin” jneans proiits. 
It is far from^being so. 

It is generally conceded that interest on investment and borrowed 
capital, income and excess profits taxes, and gross or not profits are not 
properly chargeable to cost of production, but are items f.liat should be 
deductible from income, though with the exception of “gross or lud. profit 
on investment” they are factors that must be considered in estimating 
the total cost to the producer of putting his product into the hands of the 
consumer. It is a moot question, however, whether or not selling ex- 
penses, non-insurable risks, and extra costs of development work under 
abnormal conditions should bo excluded from the cost sta(.emenbs. In 
the opinion of many, they are legitimately chargeable to prodinung (tost, 
as they have the effect of making the margins appear larger than tJuiy 
really are. But the Commission is the court of last resort, jus well as 
the first, in such matters and wliilo its decision is iiccef>tcd due considera- 
tion must be given to the facts in a study of the margins us determineil 
by it. The difference between mine or shop cost and the actual <!(*st of 
placing a commodity on the market may bo, and freiiuently is, very wid«*. 

The average margin above the f.o.b. mine cost for (ho 24 months 
covered by the Commission’s report was 58 cenfiS.’* Mr. Norris, in 
his paper, states that the capital invested in anthracito mining ranges 
from $6 to $11 per ton of annual output, and that from $7.50 to $8 miglit 
probably be considered a fair average. The normal annual production 
of anthracite is about 80,000,000 gross tons, which wouhl moan a total 
investment, at the lower figures given by Mr. Norris, of approximafidy 
$600,000,000. 

Earnings on capital invested in such a hazardous industry iw anthra- 

’ In his paper Mr. Norris figures that the average roaliwition lor the fi months 
covered by the investigation eonduotod by the Engineers’ (binmittwi of the Ihnd 
Administration was 60 cents a ton, which is in close agreement to that shown by the 
more extended period covered by the report of the Federal Trade Cuiaxntssion. 



DISCUSSION 


963 


cite mining should not be less than 10 per cent . ; in fact, such a percentage 
of earnings in any manufacturing industry possessing ordinary hazards 
would be considered vciy moderate expectation. But estimating the 
return at only G per cent, (money could not be borrowed at that rate to 
engage in anthracite mining) the interest on the investment, accepting 
tlu* lower figure given by Mr. Norris ($7.50 per ton of output) would be 
45 cents a ton. Selling expenses, according to Mr. S.,D.Warriner, in his 
discussion of Mr. Norris’ paper, amount to at least 10 cents a ton, which 
should be applied to about 80 per cent, of the tonnage included in the 
CiOmmission’s report, or say about 8 cents a ton for the average. These 
two items alone make up 53 cents of the margin, which leaves only 5 
(ion1/K a ton as available for the payment of Federal income and excess 
profits taxes, non-insurable risks, and profits. 

As previously stated, the Commission’s report is based primarily on 
1,lu', statistics of cost and realization for the two years 1917-1918; 
thes() cover operations producing about 99 per cent, of the total output. 
It also presents, for comparison, data covering the operations of seven 
companies producing about 42,000,000 tons annually, or more than 50 
per cent, of tho total tonnage for a period of 6 years, or from January 1, 
1913, to December, 1918. During this period the labor cost ranged from 
$1.56 to $3.31 per ton; the cost of supplies, from 29 to 80 cents; general 
expenses, from 33 to 61 cents; and the total mine cost from $2.23 to $4.72. 
The average sales realization varied from $2.59 to $5.11, the highest 
figures for all being, of course, in tho 2 months of November and Dec- 
(iinlMW, 1918. The “margins ” above mine cost were as low as 19 cents 
in the period from January to March, 1915, and as high as 72 cents from 
May to August, 1017. Tho reason for this has alreadj^’ been explained — 
the ilirbrentials on individual coal and exceptionally good prices for 
steam fuel. From Docombor, 1917, to December, 1918, the margins were 
less than 40 (sents; the moan average margin for the entire period was 
'I2.K cents. 

'The foregoing obsorvations have been based entirely on fresh-mined 
(! 0 !il, for under normal conditions washory production is an inconsiderable 
factor. During tho 2 years of tho war, however, which are the 2 years 
(H»V(!red by the Commission’s report, washory coal made up a significant 
portion of the tonnage. For a number of years preceding the breaking 
out of tho hluropean war, washory production had been declining steadily 
from a maximum of 4,300,000 tons, in 1907, to 1,736,500 tons, in 1914. 
From this low point, it jumped to 6,370,000 tons, in 1917, and to 7,736,000 
tons, in li)18. The low cost of this production and the exceptionally 
high pricios it commanded in 1917 and 1918 wore a saving grace for a 
largo part of tho anthracite industry. It increased the “margin,” in 
the first period, from 03 cents a ton of fresh-mined coal to 64 cents on the 
total output; in tho second period, from 79 cents to 83 cents; in the third 
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period, from 77 cents to 82 cents; in the fourth period, from 47 cents to 
58 cents; and in the fifth period, from 36 cents to 54 cents. 

The average margin on combined fresh-mined and washery coal 



The Dollar Paid for Anthracite 
Fresh Mined Goal 


Fig. 1. 



The Dollar Paid for Anthracite 
Wasliery Coal 


Fig. 2. 



The Dollar Paid for Anthracite 
Total Production 
('Fresh Alined and Washery) 

Fig, 3. 


for the 2 years was 65.8 cents. Deduct from this the interes't on the in- 
vestment, 45 cents, and sales expenses, 8 cents (total 53 cents) and there 
remains the average profits of 12.8 cents, from which to pay Federal 
income and excess profits taxes, non-insurable risks, etc. 
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the dollar spent for anthracite at the mines is divided up. The fourth 
diagram, Fig. 4, shows how the margins are squeezed down by the burden 
of labor, general expenses, and supplies. Fig. 5 shows the curves of 
costs, realizations, and margins, and Fig. 6 illustrates the rather violent 
fluctuations in the percentage of margins that have obtained during the 
6 years covered by this portion of the Commission’s report. 

G. H. Ashlet, Harrisburg, Pa. — An interesting thing has come up in 
recent years bearing on this question of costs. In former times, the pre- 
pared sizes had to carry a large part of the costs of the smaller sizes. 
During the past few years, coal which has been carried down the Busquo- 
hanna, Schuylkill, and other streams, has been recovered on a largo 
scale, the recovery during the past year amounting to about 2,0(K),(K)() 
tons. The companies are encouraging this recovery because it has 
induced the use of furnace grates suited to this fine coal, and they feel 
that when all the river coal has boon recovered, former users of that coal 
will turn to the small sizes from the mines and thus the latter will benefit. 
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Bates villc district, Arkansas, manganese deposits, 13. 

Hayloy, correlation of Huronian formations, 104, 198, 200. 

Boil k ^Seller mine, coal, Illinois, 810, 812, 814, 823, 825, 827. 

Benedict, C. II. : Discussions: on Chikanr-mill PracticG al Portland MiU, 534, 
on Eaucational Methods at the Copper Queen, 016. 
on Method of Curtailing Forces at the Copper Queen, 597. 

Beneficial association, employees, Copper Queen mines, 601 . 

Bibliography, manganese deposits, 48. 

Bisboo district Arizona, manganese deposits, 16. 

Blast-furnace Flue Dmt (Atcherson), [xiii]. 

Blowers, gas-producer practice, 884. 

Blue Mountains, Oregon, ohromito deposits, 137. 

Bobrioke, W. F.: Disoimion on the Wiseomm Zinc District, 242. 

Boericke, W, F. and Garnett. T. 1L: The Wisconsin Zinc District, 213. 

Bonus system, tunnel driving, CUoppor Mountain, 410. 

Bownooker, J. A.: Rise and Decline, Production ofPolrdmtrn. Ohio amllmimm, fxiii. 
Bridgman, P. W.: An Bxp&rimmt in Om-pUca Gun Comtrudion, [xiii]* 
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Briggs, Waldo C. : Discdission on Earth and Rock PrcBsures^ 367. 

Bright, Graham: Discimions: on Engineering Features of Modern Large Coal Mines 
in Illinois and Indiana, 845. 

on Milling Plant of the Alasla^astineau Mining Co., 505, 506. 
on Outdoor Substations in Connection with Coal-mining Installations, G28. . 
Briquottinp;, iron sands, titanifcrous, 272. 

Tirokon Hill minerals, 321. 

Brooxcs, (i. S. : Discussion on Gas-producer Practice at Western Zinc Plants, 900, 901. 
Brooks, G. B. and Nitchie, C. O.'. Gas-producer Practice at Western Zinc Plants, 846. 
Bruccion experimental coal mine, 945. 

Burciiard, Ernest F, : Chrome-ore Deposits in Cuba, 150; Discussion, 174. 
Manganese-ore Deposits in Cuba, 51. 

Discimio7i on Correlation of Formations ofHuronian Group in Michigan, 208. 
Bush I'erminal excursion, New York meeting, 1920, x. 

Butte district, manganese deposits, 21, 36. 

jdacer patent law, 457. 

Byproduct coke plants, Ohio, ‘700. 

( Vdy, Gtlrert it.: Low-sulfur Coal in Illinois, 641. 

('lalifornia: chromite, 132, 139, 140, 147. 

manga, iH^se deposits, 19. 

OamagU(\y Province, Ciilxa, chpmitc, 157. 

Gam PH ELL, J. It. : Mechanical Separation of Sulfur Minerals from Coal, 683. 

Ganada, inagnesitcr. production, 175. 

(juality, 186, 187. 

Garhon biHulfide, removal from illuminating gas, 660, 672. 

(Carbonization, coal, see Coal, distillation. 

Gastlt^ Grags mine, California, chromite, 111, 125, 127. 

Ckunent, La Ballo district, Illinois, 251, 263. 

Ija Salle Portland Cement Co., 265. 

Lehigh Portland Coment Co., 264. 

Mar<iuetto Cement Mfg. Co., 263. 

(k'rainic industries: coal, sulfur content, 727. 

(4T<‘c.t of oxides of sulftir on clays, 728. 

(‘lTo(vt of o.xi(leB of sulfur on glazes and colors, 720. 

sulfur, objections, 728. 

waste-heat driers, sulfur effect, 728, 

( Chambers mine, Oregon, chromite, 139. 

CuANOE, IL M. and OitANCE, T. M.i Low-sulfur Coal in Pennsylvania, 649. 

Giiapman, It. M.: Disenssim on Gas-producer Practice at Western Zinc Plants, 900. 
Ghapmati agitators, gas producers, 857. 

Ghapman rotary gas producer. 880, 881. 

Glipwelah, Wasn., magnesite deposits, 177. 

Ghihum mill: comparisons, 512, 534. 

(lelays, 514. 

(k^velopmerit of practice, 535. 
tdliciency and tonnage relation, 517. 
f(*ed pulp dilution, effect, 517, 526. 
grinding tests, limitations, 51 L 
nist-ory, 535. 

Ihdeperuienco mill, 513. 
tnuUors, 516. 

pract.ice: Ozark mill, 537, 
l^ortland mill, 511. 

Mcreens, 514. 
size of feed, 536. 
speed, effect, 516. 
stc<4, 51^ 532. 

temnage and ofTicumcy relation, 517. 
tontiage estimation, 514* 

Chilmn-miU PracHm at Portland Mill (Lennox), 511; Discussion: (Kiliani), 533; 

(Benedict), 534; (Taylor), 535; (Argall), 535; (TjEnnox), 54().\ 
VhnmM>Tc Deposits in Cuba (Bitrohard), 150; Discussion: (Montoitlieu), 173; 

(him), 174; (BirROiiARo), 174. 

Ghromiforous iron ores, Cuba, 17L 
(Jhromite; analysis, Cuba, 155, 161, 168, 170. 
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Chromite: association with magnesite, 118. 

association with peridotite and serpentine, 106. 

character, Cuba, 153. 

crystallization, 109. 

imports, 148, 173. 

market, 146, 148. 

mineralogy, 108. 

production: Cuba, 172. 

United States, 136, 139, 147. 
properties 108 
reserves: Cuba, 172. 

United States, 148. 
shipments: California, 140. 

Oregon, 140. 

Chromite deposits: Alaska, 142. 

Blue Mountains, Oregon, 137. 

Boulder Creek, Mont., 142, 143. 

California, 132. 

Castle Crags mine, 111, 125, 127. 

Chambers mine, 139. 
characteristics, 109, 129. 

Coast Range, 134. 

Cuba: Ana Maria claims, 155. 

Caledonia claim, 163. 

Camaguey Province, 157. 

Cayoguan group, 165. 
character of ore, 153. 
chromiferous iron ores, 171. 

Constancia claim, 169. 
description, 153. 
distribution, 152. 

Elena claim, 153. 
geology, general, 152. 

Habana Province, 153. 
investigations, 150. 

Jack claim, 154. 

Leocadia, Minas, and Teiro, 158. 

Matanzas Province, 154. 
map^ 151. 

Maria del Carmen claims, 162. 

Nona, 159. 

Oriente Province, 162. 

Potosi, 166, 168. 

San Miguel, 156. 
topographic features, 152. 

Victoria, 159, 

Cypress Island, Wash., 141. 
deformation, 120. 
distribution, United States, 132, 
form, 109. 

Klamath Mountains, 134. 
magnesite, relation, 118. 
map: Cuba, 151. 

Oregon, 137. 

United States, 133. 

Maryland, 145. 

Montana, 142. 

North Carolina, 146. 

Oregon, 137. 
origin, 120, 129. 

Pennsylvania, 145. 

Sierra Nevada, 132. 
size, 111. 
structure, 112. 

Washington, 141. 
world^s, 106. 
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Chromite deposits: Wyoming, 144. 

Chromium, minerals, 105. 

(h.APP, F. G,: Geology of the Cement Oil Fields^ [xii]. 

Clariiicat.ion, United Eastern mill, 563. 

Clark, J.^M. : Di^^cmaion on Research in the Coal-mining^ Industry , 766. 
Clark, Will L.: Heport of Progress in Housing, 1919, [xiii]. 
CUiSvsification: coal, 782. 

employees, Copper Queen mines, 594. 

Clay: burning, efTcct of oxides of sulfur, 728. 

La Salle (listrict, Illinois, 249, 253. 

Coal: air drying, 784. 

analysis: <listilIation tests, 055. 
gas-producer, 84 <S, 8(33. 

Jja Salle district, Illinois, 249. 
raw and washed, 775. 
siilbir content, (330, 075, G77, 681. 
anthracite, see Anthracite. 
ash, reduction by washing, 090. 
byproducts, yield, tcmijerature elTcct, 907. 
calorihc values of volatile matter, 009. 

<^n,rbonization, see Coal, distillation. 
carbonization processes, dimensions, 905. 

(dassilicjition : Jibbrcviations, 794. 

use basis, 783. 
coking (lualities, 902. 

conservation committee, Great Britain, 749. 
distillation: low-temperature: coke analysis, 950. 
gas, 957, 059. 
tars, 957, 958. 
temperature range, 953. 
temperature readings, 956. 
t(^sts, 954, 950. 
misconcM^ptions, 910. 

(‘conomics, research, 7(30. 

(ixed-c.arbon ratios, 780. 
fuel ralfio, 780. 

gas manufacture ; low-temperature distillation, 957, 969. 

(pudity, 902. 
niitioiH, low-sulfur, 041. 
irnp(yrtattcc to (jivilization, 748. 
impurities, form, 709. 

K(mtucky: low-sulfur, 723. 
map, 724. 

stratigraphic relations, 725. 

La Halle district, Illinois, 248, 249, 250. 
lignite, classification, 792. 
low-Hulfur: Illinois, (341. 
lOmtucky, 723. 
renusylvania, 050, 055. 
sele(»,tive mining, 050. 
wasbing, 050. 

m()lstur<‘. content, 783, 784. 
nitric a(ud extraction, 079, 080. 

Ohio: Alk^gheny formation, 70(3. 

Cimemaugh formation, 713. 

<ilstribution, 700. 
fields, map, 099. 

limitations for byproduct coke, 098. 

Monongahela formation, 714. 

Bottsville formation, 702. 


stratigraphic relations, 701. 
structure^ 700. 
ovens, carbonizing, 904. 

PennHylvanta: Conglomerate series, 651. 
lower barren series, (154. 
lower product! VO series, 052. 
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Coal, Pennyslvama : low-sulfur, 649, 655. 
upper productive series, 654. 
washing, 649. 

phenol extraction, 676, 677. 
preparation: Illinois and Indiana, 822, 
research, 758, 768. 
pyrite: determination, 678. , 

occurrence, forms, 733, 913. 
origin, 735, 736, 737. 
recovery, 637. 
rank, 784. 

selective solvents, 675, 677. 
specific gravity of washed products, 774, 776. 
spontaneous heating, 929. 
sulfur-bearing: analysis, 630, 675, 677, 681. 
ash clinkering, 728. 
ceramic industries^ 727. 
geographical distribution, 941. 
geology, 732. . 
lignite, 735. 


peat, 923. 

symposium, subjects, 941. 
treatment, 683, 690, 773. 
washed products, 773. 
weathered and unweathered, 9301 
West Virginia, 932. 
sulfur content, see Sulfur in coat 
testing, coking qualities, 902. 
utilization, research, 759. 
volatile matter, calorific values, 909. 
washability, factors, 768. 

West Virginia: fusibility, 943. 

map, 932, 933, 934, 935, 938, 939, 940, 941. 
sulfur content, 032, 936. 

Coal industry, stabilization, xiv. 

Coal mining: costs, Federal Trade Conamission report, 960. 
demonstration mines, 945. 
eflEiciency, 753, 763, 765. 
entry-driving machines, Illinois, 831. 
extraction, percentage, 754, 762, 764, 766, 766. 
hoisting, 816, 838, 839. 
human relations^ 761, 766. 

Illinois and Indiana: American No. 2 mine, 810, 812, 815, 819, H2:i 828. 
Bell <& Roller No. 2 mine, 810, 812, 814, 823, 825, 827^ 
coal characteristics, 811. 
developmen-t 808. 
engineering features, 808. 
hoisting, 815, 838, 839. 
housing, 834, 

Kathleen mine, 810, 811, 813, 814, 819, 820, 821, 823, 82 L 

methods, 826. 

mine towns, 834, . 

mines, 809. 

power, 826, 840. 

preparation of coal, 822. 

safety work, 831. 

shafts, 812. 

standard Oil No. _2 mine, 810, 813, 817, 818, SiKi, 824, 830, HU, 841. 
Superior No. 4 mine, 810, 811, 814, 823. > » > . 

Buttaoe yards, 824. 
tipples, 820. 

Tir • mih 831. 

Illmois Zinc Co., 255, 256, 

Jones dust barrier, 831, 832. 833, 844, 
labor costs, Illinois, 269, 260. 
labor nationality, Illinois, 261. 
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Coal mining: longwall system, Illinois, 256, 257, 258. 
margin, 964, 965. 
mecnanical appliances, 756. 
methods, Illinois, 826. 
research, see Research, coal mining. 
rock distribution, Illinois, 262. 
safety, 755. 
safetjr work, 831. 
selective, 650. 
shafts, 812. 

substations, open-air: construction requirements, 619. 
current flow, 621. 
design, 619. 

high-tension control equipment, 618. 
ovorfusing, 621. 

Scholz, 623, 625. 
short circuits, 620. 
single-circuit, 623. 
switches, automatic oU, 622. 
transformers, 618. 
tipples, 820. 

CoaUpnlvcrmng Plant at Nevada Consolidated Copper Smelter (Pomeeoy), [xiii]. 

Coal tar, low-temperature distillation, 957, 958. 

Coal washing: analysis, raw and washed coal, 775. 
ash reduction, *090. 
clarification of water, (>86. 

Dorr thicjkoners, 686, 095. 
drying, 685, 695. 
form of impurities, 709. 
formulas, 688. 
jigs, 684, 694. 
mathematics, 088. 

Middlefork Washery, 091, 692. 
preparation, 683, 093. 
rpHoarch, 758, 768. 
sizing, 093. 
sludge recovery, 686. 
specific gravity of products, 774, 776. 
sulfur in washed coal, 773. 
sulhir remova,!, 683, 690. 
tables, 684. 
iostH, 690, 776, 777, 
washability, factors, 768, 
water consumDbion. 687. 



iron content, form, 035, 030, 

Ohio: byproduct plants, 700. 

pro(luotion. history, 698. 
sulfur content, lorm, 030. 

Cokerville zinc mines, Wisconsin, 222. 

Coking, byproduct process, tomporaturo effect, 907. 

(hiking ovens, size and shape, 904. 

Coking process; decomposition stages, 634. 
dlmensbiis of commercial plant, 906. 
sulfur behavior. 030. 
temperaturos, (133, 634. 

Coking qualituiH, coal, testing, 902. 

Celtiinbla, mud volcanoes, 324, 

(bkmido, manganoso deposits, 17. ^ s . /rr a aoq. 

Comm^rdal Hecomy of Pyrite from Coal (Davis), 637; (HarO, 638, 

(IConsHooKj, 038. 

(tommittoe reports, Now York meeting, 1920, xi, xxxyu. ^ 

iUmimMon ojPHroUmm and Um Bdatitm to JnduBtnd Use CMabbict), [xiij. 
ConcontraUcm, magnetic, titaniforous iron sands, 271. 
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Conservation (JjUDmw), [xy]. 

ContractWage System for Mines (Knickerbockee), [xiii], 5<S0; Discussion: (Thaciieu), 
587; (Eaton), 589; (Locke), 591; (Knickerbocjker), 59L 
Contract wage system : description, 580. 

. difficulty of application, 581. 
improvements suggested, 583. 

Marquette Range, 589. 

Control, metallurgical, graphic, 571. 

Cooney mines, Mogollon district, New Mexico, 307, 308. 

Copeland, F. K. : Discussio 7 is: on EdiicMio^ial Methods at the Copper Queen, 015, 
on Method of Curtailmg Forces at the Copper Queen, 59(),^ 597. 
on Physical Exa^nmation Previous to Etuploy^uent, 005, 000. 

Copper Mountain, B, C., tunnel driving, 408. 

Copper Queen mines: beneficial association, 001. 
curtailing forces, 593. 
educational metlxods^ G07. 
employees classification, 594. 
hospital system, 600. 
physical examination of employees, 599. 

Correlation, Huronian group, see HuronianfonuaHons, correlation. 

Correlation of FormaHo^is of Iluronutn Group in Miehigevn (Allen), 188; Discussion: 

(Lane), 204; (Hotchkiss), 207, 209; (Burchaud), 208; (Allen), 208, 210; 
(Barrett), 209; (Zapjppb), 209; (Sxebknthal), 210; (Harder), 211. 

Cost keeping, Alaska Gastincau Mining Go., 486. 

Costs: anthracite, December, 1918, 964. 

anthracite mining, Federal Trade Commission report, 960. 
clarification. United Eastern mill, 563. 
coal mining: December, 1918, 964. 

Illinois, 259, 260. 

crushing, United Eastern mill, 551. 
cyaniding. United Eastern mill, 55*^ 565. 
drifting, Alaska Gastincau Mining Co., 469. 
gas producers, labor, 865. 
grinding: Independence mill, 531. 

United Eastern mill, 553, 555. 

■ manways, Alaska Gastincau Mining Co., 471. 
milling: Alaska Gastineau mill, 503.* 

United Eastern mill, 549, 550, 551, 553, 55(i, 557, 559, 563, 565, 566, 567. 
mining, Alaska Gastineau Mining- Co., 471, 479, 480, 4HI, 483, 484, 48t^, 487, 
precipitation, United Eastern mill, 559. 
sampling, Unitctl Eastern mill, 566, 
tunnel driving, Copper Mountain, 411. 
wedging diamond-drill holes, 418. 

Countercurrent decantation, United JCastc^rn mill, 558. 

Cox, G. H.: DisciLSsion on the Wisconsin Zinc District, 240, 

Crabtree, Frederick and Powell, A. R.: Sulfur in Producer Gas, 717, 

Critical Ranges of So7m Commerdal Nickel ^^tevk (Hcott), [xiii]. 

Crushing : Alaska Gastincau Mining Co., 493. 
costs, United Eastern mill, 551. 

New Cornelia Copper Co: primary cnishing plant, 507. 

secondary crushing plant, .508. 

United Eastern mill, 550. 

Crushing Practice, New Cornelia Coirper (Ul ( I ) i r m o u Ij i n) , 507. 

Crystals, opaqxio, measurement of dcgroc of anisotropism, 37 L 
Cuba: chromiforoxis iron ore, 171. 

chromite: deposits, see Chromite dcimsits, Cuba. 
production, 172. 
reserves, 172. 

manganese: deposits, see Manganese <kposits, (M>a, 
exports, 104. 

industry, conditions, 102. 
map, 63. 

ma|>, chromite doposits, 151. 

Curtailing forces. Copper Queon mines, classirieaf ion <»f employinw, 59.5* 

Guyana district, Minnesota, manganese deimsitH, It, 37, 47. 

Cyaniding: costs, 557, 565. 

United Eastern mill, 556. 
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Daklington, H. T. : Discussions: on Low^sulfur Coal in Illinois^ 645, 647. 

0)1 Rcmoml of Sulfur from Illuminating Gas^ 671, 673. 

Daveler, E. V.: Milling Plant of the Alaska-Gastincau Mining Co,, [xiii], 488. 

Davis, II, G.: Discussion on Height of Gas Cap in Safety Lamp, 803. 

Day is, S. H. : Commercuil Recovei'y of Pyrite from Coal, 637. 

D(in,(l-burniiip;, nuiguesite, 180. 

Dojuhvood Mining; C^o., 306. 

Dvfmitc Progi'am of Study and Worl for the A. I. M. E, and a Constructive Plan for the 
Bettor Work ing of the Bituminous Coal Industry (Hoover), [xiv]. 
DioTiAMATEH, (r. II.: Discussious: on Mechanical Separation of Sulfur Minerals from 
Coal, 693. 

on Smuo^ Factors that Affect the Washability of a Coal, 779. 

Doin()i>ilis5ation of railways, xvii. 

DenaaisD'ation Coal Mi)u's (Rutledge), [xii], 945; Discussion: (Wilson), 949; (Ede), 

. 950. 

Denis, Theii. : Discussion on Magnesite. Its Geology, Products and Their Uses, 186. 
Dewey, Euederiok P.: Volatilizatiori in Assaying, [xii]. 

De Wilde, E. J. : Discussion on the Wisconsin Zinc District, 237. 

De Wole, F, W. : Discussion on Low-sulfur Coal in Illinois, 643, 644, 645. 
Diiunoiul-drill liolos: curving;, 413. 
surveying;, 414, 419. 
wodg;ing;, 415, 419. 
wodg;ing:, costs, 418. 

Dilleu, J. S.: Recant Studies of Domestic Chromite Deposits, 105. 

DirindiOrs, 1920 -21, vii. 

Disiilla-tion, low-tcmporaturo, coal, sco Coal, distillation, low-tcmperat-ure. 

Distribution of Anthi'ndte, (IjEARovd), 739. 

Dolman, G. u.i Magnesite: Its Geology, Products, and Their Uses, 175; Disemsion, 187. 
Dorr, J. V. N. : Discussion on Mill Operations at United Eastern During 1917 and 1918, 
569, 570. 

Dorr tluckcriors, coal washing, 686, 095. 

Drift.ing, (U)Hts, Alaska Gastinoau Mining^ Co., 469. 

Drilling; tunnel driving, Chopper Mountain, 411, 412. 

zinc prospecting, Wisconsin, 220, 243. 

Drilling attd l*)vduclkm Technique in the Baku Oil Fields (Knarp), [xiij. 

Duff gas producers, 852, 853, 857, 893. 

Du MOULIN, W, L.: Crushing Practice, New Cornelia Copper Co,, 507. 

Dunkley, W. a. and Odell, W. W.: Hemoml of Sulfur from illuminating Gas, 660. 
Dust barrier, Jones, coal mining, 831, 832, 833, 844. 

Kameh, TaiTUEu B.: Discussion on Mill Operations at United Eastern During 1917 and 
1918, 508. 

Earth and Hock Pressures (Moulton), [xuil, 327; Disemsion: (Haines), 361; (Eidg- 
way), 355; (Meem), 356; (SotmEu), 366; (Tillson), 360; (Arnold), 367; 
(liuKias), 367; (Moulton), 368. 

Martli hanks, failure, 327, 353, 

ICarth mat.t^nalH: classification, 329, 356. 
tunnels, 330. 

Earth pressunu calculatioufl, 360. 
formulas, 346, 347. 
measuriunents, 346, 347. 
nature^ 345. 

Karth sottlmif: application to nuning prolfioms, 344. * 

placer rmiujs, 336. 
subway excavations, 330. 

IMscimian on (Umlracl W(m Ilystemfor Mims, 

PIavenhon, JC. N.; Dincimiofi on Outdoor iSubstaiiom in Connection with Coalrmining 
ImtaUaiioiut^ 629. 
bJeonomies; changes, xxi. 
coal, rc^searen, 760, 

blDE, J. A.: Miiwral HmmreM of the La HalU District, 244; 

IHscussions: on Chrome-ore Deposes in Cuba, 174. . 
an Demonstraiion Coal Mims, 950. 
on the Wiseomin Zinc District, 242. 

IMmntion, 1919 (Holurook), [xiiij. 
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Educational Methods at the Copper Queen (Willis), 607; Discussion: (Taylor), Glo; 

(CopelandX 615, 616; (Benedict), 616; (Read), 616. 

Educational methods, Copper Queen: lectures: frequency, 608. 
subjects, 612. 
length of course, 607. 
object of course, 609. 
success, 614. 

teachers, 609, 616. ^ ^ 

Effect of Sulfur in Coal used in Ceramic Industries (Parmelee), 

Efficiency: Chilean mills, 517. 
coal mining, 753, 763, 705. 

gas producers, 895. ^ ^ ^ . 

Elmore, G. H. : Disc‘iissio 7 i>s: on Geographic Distribution of Sulfur in. Virginia 

Coal BedSj 943. 

on Mechanical Separation of Sulfur Minerals from Coal, 005. 

Emma mine, Butte district, 5, 36. 

Employees, classification, Copper Queen mines, 594. 

Employer and employee, relation, xxi. 

E^igineering Features of Modern Large Coal Mines in Illinois a/R/ (ICeubert 

and Young), 808; 
gensen), 839: 

841; (Parker), 

(Zern), 843; (BpEitR;, 844; (Paul), 844; (Bright), 845.^ 

Exammation of Ores and Metals in Polarized Light (Wrkhit), [xiii], 370. 

Experiment in One-piece Gun Co7istructio7i (BniDCiMAN), [xiii|. 



Failure: earth banks, 327, 353. 
rock masses, 327, 338. 

Ferguson, H. G.: Discussion on Ore Deposits of the, Mogolhn Disfrivt, 310. 

Ferrox, 071, 673. 

Fieldner, a. C.: Discussions: 07i Geographic Distribution of Sulfur in H est 1 irginia 
Coal Beds, 943. 

on Occurrence ufid Ongin of Finely Disseminuted Sulfur Compounds in Goal , 920. 
on Sulfur in the Coling Process, 636. 

Finance Comjnittoe Report, 1919, xxxii. 

Finch quarries, magnesite, 178. 

Flow sheet: Alaska Gastineau mill, 403. 

Alaska (iastinoau Mining Co., experimental mill, 489. 

coal washing, Middlefork Washery, fiOl. 

iron sands, titauiferous, treatment, 273. 

sludge recovery, coal washing^ 087. 

zinc milling, Hoskins mill, Wisconsin, 234. 

Flow shoot and diagram, United Eastern mill, 500. 

Fluctuations in Goal Productim — Their Extent and Causes (Smith and (xivl. 

Foreign Oil Supply for the. (fnited States (Smith). [xu|. 

Forgeability of I ron-jhick el Alloys (Yenhkn), [xiuj. 

Forms in which Sulfur Occurs in Goal (Powell and Paur), 074; I discussion: (Ftft^- 
WHuiLER), 082; (Powell), 082. 

Formulas: coal washing, 088. 
earth pressure, 34t}, 347. 

Fraser Tkomab, and Vanoey, H. F.: Some Factors (hai Affect WnshabtlKy of a 
Coal, 768. 

Fiwnch, II. J,: 'rensilo Propertm of Boiltr PUtie at Elnmted TemperatHri% fxiitl. 
FuLWEiLEtt, W, H.: Discussiom: on Forms in which Sulfur Occurs in (Uml, ti82, 

on Occurrence and Origin of Finely Dmemimled Sulfur Gom pounds in (kml, 028. 
on Hemosal of S^dfur from Illuminating Gas, 671, 
on Sulfur in the Coking Process, 034. 

Galena, deposition on iron tools, 312, 316. 

Garnett, T. H. and Boeuuike, W, R: 77^.* Wkemsin Einc DislHH, 213, 

Gas: coal: analysis, low-tmnperature carbonization, 957, 959, 
illuminating; purification: carbon liimilfkle rmnovaL 609, 072. 

ImvK, 671, 673, 
iron oxide, 662. 
lime, 661. 
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Gas: illuminating: purification: methods, 667. 
oxide sources, 606. 
practice, 663. 
preliminary, 661. 
sulfur content, 660. 

sulfur removal, favorable conditions, 665. 
producer: analysis, 887. 
cleaning, 892. 

composition chart, 890, 891. 
sulfur content: amo\int, 717. 
analysis, 718. 
effects, 719. 
form, 717. 
r<Hluction, 720. 

Gas cap^ safety lamp, height : tests, 797, 805. 
vanatiot\ with temperature, 799. 

Gas- producer Practice at Western Zinc Plants (Brooks and Nitchie), 846; Discussion: 

(Marsh), 899; (Nitchie), 899, 900; (Grine), 899, 901; (Keefer), 900; 
(liuooKs), 900, 901; (Chapman), 900. 

Cias producers: analysis of gas, 887. 

• ash depth, 865. 
ash in fuel, 847. 
blower data. 885. 

Idowers, 884. 

Chapman, 880, 881. 

CUiapman agitators, 857. 
coal, analysis, 848, 803. 
composition chart, 890, 891. 
coats, labor, 865. 
dovolopmonts, 896. 
dry-bottom mce.hanical, 869. 

DufT, 852, 853, 857, 893. 

(^ccentrio-gratc, 897. 

(dlicieucies, 895. 
fe(^(l, automatic, 900, 901. 
firedxMl depth, 865. 
fuels, H40. 
gas: analysis, 887. 
cl<‘.aning, 892, 
quality, 887. 

hand-poked: <lry bottoms, 849, 
wet bottoms, 852. 
nughoH^ 809, 875, 892, 803, 899. 
nuxOiatucally stirred, 883. 

Mineral l\)int Zinc Co., 850. 

Morgan, 890, 

motion diagrams, 874. 

operation diagrams, 870, 877, 878, 879. 

Piniscli rcvolvii^g occontnc-gratc,*8()7. 
poking schedule, Duff producers, 855. 
si«e of coal, 847. 

Hwiruldl, niiuoiH Zinc Go., 851, 852, 867. 
ttunneraturo regulation, 899, 900. 
tots, 862, 875, 882, 803, 
typt^, isinc smelting, 849, 
wet4)ottmn mechanical, 881* ‘ 

Wood, 883. 

mm plants, wesiorn, 851. 
ssino smelting, 846, 849, 851. 

Genesis: oh ro mite, 120. 129. 

mantfancMO d(^posits: Cuba, 56. 
tfnit,cd BtatCH^ 25. 

?5inc ores, Wisconsin, 225. ^ 

Gmclm Problttnm ApeUfH! tho i^mrchfor Nim Oil Rcgltm (White), [xu]. 

Gases, hydrocarlion, ignitum temperaturos, 801. 
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Geographic Distribution of Sulfur in West Virginia Coal Beds (White), Discus- 
Sion: (Pahl), 940; (Stoek), 941; (Taylor), 941; (Fibldner), 943; (Fl- 
moee), 948, 

Geologic Distillation of Petroleum (Willis), [xii]. 

Geology: magnesite, Washington, 177. 

Pilares mine, 384. 

stratigraphic, manganese deposits, 9. 

Wisconsin zinc district, 216. 

Geology and Mining Methods at Pilares Mine (Wade and Wandtke), 3o2. 

Geology of the Cement Oil Fields (Clapp), [xii]. 

Geophone, application for surveying diamond-drill holes, 41 0. 

George, H. C. : Discussion on the Wisconsin Zinc District, 243. 

Glazes, effect of oxides of sulfur, 729. 

Glenn, L. C.: Oil Fields of Kentucly and Tinmcssce, [xiij. ^ 

Gompers, Samuel, opinion of physical examination previous to cmplo3'^Donti, (>ui. 
Graphic Metallurgical Control (Merry), 571. 

Graphic records: arithmetical method, 573. 
display, 576. 
periodic reports, 577. 
screen analysis diagrams, 578. 
semi-logarithmic method, 572. 

Graphitization of White Co^t Iron (Archer), [xiu]. 

Gravel banks in placer minei^ settling, 336. 

Gray, F. W.: Discussion on Low-sulfur Coal in Illinois, 648. 

Great Britain, Coal Conservation Committee^ 749. 

Green River district, Utah, manganese deposits, 20. 

Grinding: coarse; United Eastern mill, 552. 
costs: Independence mill, 531. 

United Eastern mill, 553, 555. 
fine; Independence mill, 513. 

United Eastern, mill, 553. 
tests, limitations, 511. 

Grine, H. a.: Discussion on Gas-producer Practice at Western Zinc Plafits, H99, 901. 


Habana Province, Cuba, chromite deposits, 153. 

Haines, E. G.: Discussion on Earth and llooh Frc.^SMrea, 351. 

Hall, Frank E.: Manufacture of Bami-stcel for BhvUs, [xiii]. 

Hall, 0. and Row, V. P.: Wedging Dia 7 nond-dr ill Holes, 413, 

Hall, R. D.: Disemsions: onLow-stdfur Coal in Illinois, 643, 044, 045, 

on Occurrence and Origin of Finely Disseminated Bulfur Compounds in i.oal, 
926, 931. 

on Testing of Coals for Byproduct Coking and Gas Manufacture, Oil, 912. 
on A Use Classification of Coal, 794. 

Hanemann^s method, anistotropisrn, measununcnit, 370. 

Harder, E. 0,: Discussion on Correlation of Formations of If tirofnan Group in Mivki* 
gan, 211. ... 

Harder, E. C. and ITewktt, D. Itilleccnt Biudies of Domestic Mungunese Ihposits, 3. 
Hardingo mill, comparison with Chilean mill, 534. 

Hart, Edward: Discussion on Conmiarcid Recovery of i*yrUefrom (*otd, 038. 

Haulage, Wisconsin zinc district, 231, 230. 239. 

Height of Gas Cap in Safety Lamp (VoxrNtj), 797; Discussion: (Wilhonj, HOI ; (i>AVtHb 
803; (Ashworth), 805. 

Herbert, C. A. and Young, C. M.: Engineering Features of MtHkmi^argt tUml Miim 
in Illinois anti Indiana, 808. 

Herold, Stanley 0.: Mml Volcanoes of Cohmhin, Bouth A merica, 324. 

Petroleum in the Argentine ltd public, [xiij. 

Hewett, I), F. and Haudme, E. (j,; HecerU tstudiCH of iMnmtic Manganese IhposUs, 3. 
Hioe, Richard R.: Discussion on Low-sulfur Coal in Pcnnsylmnia, 05»S. 

Hoisting: coal mining, 81%% 838, 8*39. 

Wisconsin zino district, 229, 230, 2*39, 241. 

Hoists, automatic, Alaska (tastimiau mill, 495, *505. 

Holbrook, E. A.; Report of Progress, Mining Edtwaium, 1915), [xiii]. 

Research in the CocU-mining Industry, 747. 

Discussion on Commereial mcomy of PyrUc from Coal, 03B. 

Honorary members, vxii. 
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Hoover, Herbert: A Definite Program of Study and Worh for the A. 7. M. E. and a 
Constructive Plan for the Better Working of the Bituminous Coal Industry^ 
[xivl. 

llic Only Way Out (Inaugural Address), xv. 
iToskins zinc mill, Wisconsin, 233, 234. 
iTospital system, Copper Queen mines, 600. 

Hotchkiss, W. 0.: Disc'K>$sion on Correlation of Formations of Huronian Group in 
^ Michigan, 207, 200. 

Ifousing, 1010 (GlartO, [xiiil. 

irughes gas producer, 8()0, 875, .802, 893, 809. 

Human relations, coal mining, 761, 766. 

Hunter, Campbell M.: Oil Fields of Persia, [xii]. 

Huntley, Stirling and Johnson, R. H.: R6sum6of the Pennsylvania-New York Oil 
Field, [xii]. 

Ihiroiiian fonnations: chronology of period, 106, 203. 

correlation: amendments to Geological Survey correlation, 189. 

Bayloy's description, 104, 198, 200. 
change proposed, 188. 

(Exploration cjist of wSttirgeon River, 201. 
investigations, 100, 101. 

Lawson, 205, 206, 210. 
new data, 180. 
sections, 103. 
terminology, 204, 205. 

V. S. (biological Survey, ISO, 100, 210. 

Van Hise and Lciith, 104. 

Epi-Huronian revolution, 202. 
i ranbury slate and .Randvillo dolomite, 108. 

Hanbury slate and Vulcan series, 200. 

Lond.to slate, 202. 

Randvillo dolomite and ITanbury slate, 198. 

Hodinuintary, description, 105. 
unconformities, 180, 104, 211. 

Vulcan tteri(EH and Hanbury slate, 200. 

Huroman period, Michigan, chronology, 190, 203. 

Ignition temperatures, hydrocarbon gases, 801. 
nlinois; coal, low-sulfur, 641. 

(ioal mining, see Coal mining, Illinois and Indiana, 
inau, low-sulfur-tioal areas, 042. 

Illinois tiniversity, coal-washing research, 7()5, 708. 

Illinois Yaxm) Go,, coal mining, 255, 256. 

Illness prevention, advantages, 500. 
niurnhiating gas, see (his, illmninatmg, 

Imnorts, clirornite, 1 48, 173. 

In(fependen(‘o mill, lino grinding, 513. 

Indiana^ coal rtm>ing, see Coal mining, Hlinois and'Indiana, 
ludusinal relations, pro! Jem, xxi. 
hmulation, magnesia, 183, 

Inter try sUdlim BritUmess of Lml (Rawdon), [xii]. 

IfUormiionnl Aspects of the Pclrokum Industry (Manning), [xii]. 

Iron in coke, form, 635, 636, 

Iron ore; chromiferouH, (-ulm, 171, 

Htnoliitig, elTect of titanium, 281, 286. 

tltaniferous, New York; analysis of smelting products, 280, 281, 
smelting, 280. 

Iron oxide, purification of illuminating gas, 662. 

Iron sands, titaniferous, New 5?oalan(i: analysis of smelting products, 277. 
hricpietting, 272. 
e.on cent ration tests, 271, 
extent, 266* 

inagruEtic caruumtration, 271. 
map, 268. 

pig iron; atialyses, 277. 

mechanical k^sfcs, 270. 

Himdiing tes^ 267, 268, 274. 
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Jackson, G. T.: Mining Methods of Alasla Gastineau Mining Co., , ri 

Jbffeies, Zay: Physical Changes in Iron and Steel helow the Thermal Critical Range, 
[xiii]. 

Jigs, coal washing, 684, 694. 

JILLSON, WiLLAED R. : Low-sulfur Coals of Kentucky, 723. • 

Johnson, Roswell H. : Variation in Decline Curves in Various Oil Pools, IxiiJ. 

Water Displacement in Oil and Gas Sands, [xii]. ? • 

Johnson, Roswell H. and Huntley, Stieling: Risum6 of the Pcnnsylva,ma-Ncw 
Yorl Oil Field, ^ [xii]. 

Jones dust barrier, coal mining, 831, 832, 833, 844. - j r rt i 

JoEQENSEN, Feank F. .* Discussion on Engineering Features of Modern Large t.oat 
Mines in Illinois and Indiana, 839. 

Kathleen mine, coal, Illmois, 810, 811, 813, 814, 819, 820, 821, 823, 824. 

Keefee, W. W. : Discussion on das-^producer Practice at Ainc Plants, .K)0. 

Kelly, Wm. : Discussion on the Wisconsin Zinc District, 241. 

Kemp, James F. : Discussion on Rapid Formation of Lead Ore, 310. 

Kennedy zinc mine, Wisconsin, 223, 224. 

Kentucky: coal: low-sulfur, 723. 

stratigraphic relations, 725. 
map, coal fields, 724. ^ 

Kiliani, R. B. T. : Discussion on Chileanrmill Practice at Portland M%U, 5o»>. 

Klamath Mountains: chromite deposits, 134. 
map, 135. 
pendotite, 136. 

serpentine, 135, 136. ^ ^ j r i 

Knapp, Abthue: Drilling and Production Technique in the Bahu Oil r tela s , ixuj. 

Rod Classification from the OiLdriller^s Standpoint, [xii], 

Knickeebockee, a. K.: Contract Wage System for Mines, [xiii], 580; Ihscimum, 591. 
Koenigsberger’s method, anisotropism, determination, 371, 376. 


Labor, nationality, coal mining^ Illinois, 261. 

Labor costs, coal mining, Illinois, 259, 260. 

Labor turnover, 615. 

Lachmund, Oscae: Tunnel Driving at Copper Mountain, B. C., 408. ^ 

Laist, Feedeeick and Maguikb, H. J.: Reverberatory Furnace for Treating ( onvertvr 
Slag at Anaconda,' [xii], . xy 

Lane, Alfebd C.: Discussion on Correlation of Formations of Iluronian Group tn 
Michigan, 204. , . , 

Langdon, S. C. and Rawdon, H. S. : A Peculiar Type of IntcrcrystaHine Brittlmrss of 
^ Copper, [xii]. 

La Salle district, Illinois: anticline, 244. 
cement, 251, 263. 
clay, 249, 253. 
coal, 248. 249, 256. 
coal mining, 255, 256. 

La Salle Portland Cement Co., 265. 

Lehigh Portland Cement Oo,, 264. • 
map, 246. 

Marciuette Cement Mfg. Co., 263. 

mineral resources, 244. 

mining, 248. 

natural products, 250. 

rook formations, 244, 247. 

sand, 252, 265. 

section, 245. 

La Salle Portland Cement Co., 265. 

Law: apex, 457. 

placer patent, 457. 

Lawson, correlation of pre-Cambrian period, I^ke Superior, 205, 206, 210, 

Xjayng, T. E. and Paej^ S, W.; LoxtHemperaJlvrc Carhoni»<dion of (kml, (xii], 953. 
Load minerals: Broken Ilill, 321. 

deposition on iron tools, 312, 316. 

Xioad ore, rapid formation, 311, 

Loadvillo district, manganose deposits, 17. 

Leaeoyo, A. S.: IHstrihdion of Anthracite, 739. 
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Lehigh Portland Cement Co., Illinois, 264. 

Leith, correlation of Huronian formations, 194. 

Lennox, Luther W.: Chilean-mill Practice at Portland Mill, 511; Discussion^ 540. 
Library Committee Report, 1919, xxxviii. 

Lignite: classification, 792. 

• sulfur content, 735. 

Lime, purification of illuminating gas, 661. 

Limestone, sulfur content, 927. 

Lindgren, W. : Discussion on Rapid Formation of Lead Ore, 318. 

Locke, Charles E.: Discussion on Contract Wage System for Mines, 591. 

Longwall coal mining, La Salle district, Illinois, 256. 257, 258. 

Loiv-sulfur Coal in Illinois (Cady), 641; Discussion: (Hall), 643, 644, 645; (DeWolp), 
643, 644, 645; (Rice). 643, 644; (Taylor), 643, 644; (Smith), 643, 644, 
645; (Stoek), 645; (Darlington), 645, 647; (Thiesen), 646; (Mac- 
Dowell), 646. 647; (Gray), 648. 

Low--sulfur Coal in Pennsylvania (Chance and Chance), 649; Discussion: (Hice), 658. 

Low-sulfur Coals of Kentucky (Jillson), 723. 

how-tvmperaiure Carbonization of Coal (Parr and Layng), [xii], 953. 

Ludlow, Edwin: Conservation, [xv]. 


MoAuliffe, Eugene: Stabilizing of Bituminous-coal Industry, [xiv]. 

Discussion on Engineering Features of Modern Large Cool Mines in Illinois and 
Indiana, 830. 

MacDowell, C. II. : Discussion on Low-sulfur Coal in Illinois, 64^^, 647. 

Mabeuy, i\ : Composition of Petroleum and Its Relation to Industrial Use, [xii].] 
Magnesia: fused, 182. 

insulation, 183. 

Magnesite: analysis, 176. 

association with chromite, 118. 

Austro-Hungarian, 185. 

Canada, 175, 186. 187, 

(lead-burning, 180, 
fused magnesia, 182. 
geology, Washington, 177. 
msulation, magnesia, 183. 
magnesium, 183. 

Northwest Magnesite Co., 178, 180. 
products, 180. 
protective tariff, 185. 
quality: Canadian, 186, 187. \ 

united States and Austrian, 185. 
refraotoricis, manufacture, 180. 
treatment, 180, 185. 
uses, 180. 182. 

Veitsch Magntisite Co., 185. 

Magnesite: Its Geology, Products and Their Uses (Dolman), 176; Discussion (Mah- 
novhtiky), 184; (Denis), 186; (Dolman), 187. 

Magnesite deposits: Chowolah, 177. 

Finch (luarric^s, 178, 

Washington, 177. 

Magnesium, 1H3, 

Magnetm ooncentration, titaniforous iron sands, 271. 

Magnetite, tiianiferous, Now York, smelting, 280. m . 

MAtnriHE, IL J. and Laxbt. Frederick: RemrbiTatory Furnace for Treahng Converter 
Stag at Anaconda, [ml ^ ^ , m*. - rr 

M ALiNOVSJKKYj A* ** Discussion on Magnesite, Its Geology, Products, and Thetr Uses, 184. 
Manganese: bibliography, 48. 
classes of oro, 32. 
composition of ores, 38, 40, 41. 

Cuba, exports, 104. 
districts, (J. B., 6. 

Emma mine, 5. 36. 
gradesH of oro, 32. 
minerals, 4. 

production: Cuba, 78/93, 103. 

United Htates, 34. 
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Manganese: reserves: Cuba, 78, 93, 103. 

United States, 42, 44.^ 

Manganese deposits: Appalachian, 12, 15. 
Arkansas, 13, 15. 

Batesville district, Arkansas, 13. 
bibliography, 48. 

Bisbee district, Arizona, 16. 

Butte district, 21, 36. 

California, 19. 

Cambrian rocks, 11. 

Carboniferous rocks, 16. 

Colorado, 17. 

Cretaceous rocks, 20. 

Cuba: Abundancia mine, 74. 

Adriana mine, 89. 
analysis of ore, 83, 84. 

Boston mine, 71. 

Botsford mine, 69. 

Cadiz mine, 85. 

Camaroncito group, 93. 

Cbarco Redondo mine, 86. 
clay, 60.^ 

Costa mines, SO. 

Dario claim, 98. 
deposition, 56. 
distribution, 52. 

Dolores mine, 61, 

Francisco mine, 84. 
genesis, 56. 
geology, general, 54. 

Gloria mine, 76, 93, 103. 

Ouisa prospect, 85. 
industry, conditions, 102. 
investigation, 51. 

Laura mine, 63, 64, 

Llavo mine, 75. 

Llogo prospect, 85. 

Los' Negros area, 92, 
map, 53, 

Mendoza district, 100. 

Oriento Province, 01. 

Pilar mine, 72. 

Pinar del Rio Province, 99. 

Ponupo mines, 65. 
production, 78, 03, 103. 
reserves, 78, 93, 103, 

Rio Magdalena prospect, 95. 

San Andreas mine, 73. 

San Antonio mine, 91. 

Santa Clara Province, 95. 
siliceous ores, 58. 
to|)Oj!;raphic features, 54, 

Trinidad' group, 95. 
types, 56. 

Vinales district, 09. 

Ysabolita mine, 70. 

Cuyuna district, 11, 37, 47, 

Devonian rocks, 16. 
distribution, 6. 
examination, 29. 
exploitation, 29. 
genesis, 25. 
geologic periods, 9. 

Croen River district, Utah, 20. 
investigations, U, B. Geological Survey, 3. 
Jurassic rocks, 19. 
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Manganese deposits: Lake Creek district, Oregon, 21. 

Leadville district, 17. 

Madison Valley, Montana, 11. 

Montana, 11, 21, 36. 

Nevada, 13, 18. 

Ordovician rocks, 13, 

Philipsburg district, Montana, 11. 
pliysiographic relations, 7. 
rioche district, Nevada, 13. 
pre-Cambrian rocks, 10. 
primary, 26. 

lied Cliff district, Colorado, 17. 
secondary, 27. 

Silurian rocks, 14. 

Silver City, New Mexico, 14, 37. 
stratigraphic relations, 8. 
structural relations, 23. 

Tennessee, 12, 14. 

Tertiary rocks, 20. 

"l^exas, 20. 

Tintic district, Utah, 17. 

Tombstone district, Arizona, 16. 

Unit(ul States, 6. 

U. S. CJoological Survey investigations, 3. 

Utah, 17, 20. 

Viri^inia, 15, 24, 30. 

White Pine district, Nevada, 18. 

Manganese ore: analysis, Cuba, 83, 84. 
classes, 32. 
clay, Cuba, GO. 
composition, 38, 40, 41. 
geographic distribution, 0. 
minerals, 4. 
siliceous, Otil)a, 58. 

M anganvHiHm Drpim'Us in Cuba (Burchart)), 51 . 

Manncnc^, Van JI.: Inlcrnalional As'pects of the Petroleum Industry^ [xii]. 

ProbUmM in the Coal hidmtry^ {xiv]. 

Mantanzas Province, Cuba, chromite, 154. 

Manufacture, refractories, magnesite, 180. 

Manufacture of J^vmi-stecl for IshcMs (llAiiL), [xiii]. 

Manways, Alaska Gastiueau Mining Co., 470. 

Map: Alaska (tastmoau Mining Co., 464. 

Cuba: chromite deposits, 151. 

matiganese deposits, 53. 

Illitiois, low-sulfur coal areas, 042. 

Kentucky, coal fudds, 724. 

Klamath Mountains, 135. 

La Halle district, lUinois, 246, 

Mogollon district, New Mexico, 291. 

N<nv iiealand, iron sands, 268. 

Ohio, coal (ields, 699, 

( )r(jgori, chromite deposits, 137. 

I^ilares mine, 383. 

United Htates, cliromito deposits, 133. 

West Virginia, coal fields, 932, 933, 934, 035, 938, 939, 940, 941. 
Wlsconsm-XUmoiH zinc district, 214. 

Marquette Cement Mfg. Co., 263. 

Manpiette Range, contract wage syatoin, 689. 

Marsh, K.: iHHcmMon on Gm-^produccr Practice at Wentern Zin^ Plants, 899, 
Maryland, chr(vnite, 145. 

MA^runwH, John A.: CocMdeni of Expansion of Alloy Stcel% [xiiil. 

Mcchtmiml ^Separatum of Sulfur Minerals from Coal (Oampbmll), 683; DincMssion: 

(Dwuamatwh), 693; (EnMORw), 696; (Mkisbnkr), 696. 

M^jkm, J. C.: Duemdon on Earth and Hock Pressure's, 356. 

Mkihhnku, C. a.: DmuHHwns: on Mechanical Separation of Sulfur Minerals from 
Coal, 696. 

on Some Factors (hat Affect the Wmhahiliiy of a Co<d, 780. 
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Melting precipitate, United Eastern mill, 564. 

Members, honorary, viii. 

Membership Committee Report, 1919, xxxviii. 

Menominee iron district, Michigan: chronology, 203. 
unconformity, 194. 

Mental Hygiene in Industry^ 1919 (Read), [xiii]. 

Merchant marin^ xviii. 

Merry, H. M. : (xraphic Metallurgical Control^ 571. 

Metallurgical control, graphic, 571. 

Metamorphism, Pilares mine, 387. 

Method of Curtailing Forces at the Copper Queen (Willis), 593; Discussion: 

(Copeland), 596, 597; (Read), 596; (Benwdict), 597; (Taylor), 597. 
Miami Copper Co. mine, rock settling, 340. 

Michigan, Huronian group, correlation, 188. 

Microstructure of Iron and Mild Steel at High Temperatures (Rawdon and Soott), 
[xiii]. 

Middlefork Coal Wasliery, 691, 692. 

Mill Operations at United Eastern During 1017 and 1018 (North), 54S; DiscimUm: 

(Eames), 568; (Taylor), 569; (Dorr), 560, 570; (Mills), 569. 

Milling: Alaska Gastineau mill, 488. 
costs, see Costs, milling, 
graphic records, 572. 

power consumption, Alaska Gastineau mill, 503. 
record charts, 572. 

retreatment of concentrates, Alaska Gastineau mill, 491, 499. 
screen analysis, Alaska Gastineau mill, 501. 

United Eastern mill, see United Eastern mill 

wall-charts, 575. 

zinc, Wisconsin, 232, 236. 

Milling Plant of the Alaska Oastmeau Mining Co. (J)AVKLKii), [xiii|, 48S; Discussion: 
(Bright), 505, 506; (Remiok), 505, rm. 

Mills, L. D.: Discussion on Mill Operations at U7iited PJaslvrn During HM7 and 1(118, 
569. 

Mineral Resources of the La Salic District (Ei>e), 244. 

Minerals: chromium, 105. 
manganese, 4. 

solution by mine waters, 314. 

Mining: coal, see Coal mining, 
contract wage system, 580. 
settling problems, 344. 
wage systems, 580. 
zinc, sec 7Anc mining. 

Mining methods: bulldozing, Alaska GaHtiiicau Mining (k)., 479. 
chutes, Alaska Gastineau Mining Ck).. 471. 
manwaysj Alaska Gastineau Mining Go., 470. 

Pilares mine, 395. 

raises, Alaska Gastineau Mining Oo., 470, 471. 
stoping: Alaska Gastinoa\i Mining Co., 469, 474. 
cut-and-fill method, l^ilares mine, 308. 
filling, 407. 

incline shrinkage and fill, Pihtros mine, 401. 

Pilares mine, 398. 

shrinkage stopes, Pilares mine, 403." 

’ square-set, 406. 

'top slicing: ilat, 404. 
inclined, 405. 

tramming, Alaska Gastineau Mining Co., 480. 

Mining Methods of Alaska Omtineau Mining Co, (Jagkhon), 464. 

Mining records, graphic, 575, ^ 

Mission mine, Oklandma, 311, 312. 

Mogollon district, New Mexico: Alberta Development 306, 
alteration of wall rooks, 297. 
andesites, 293' 
basalt dikes, 294. 

( Confidence mine, 306, 

(Jooney mines, 307, 308. 
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Mogollon district, New Mexico : copper veins, 298. 

Dead wood Mining Co., 306. 
development, 301. 

Enterprise mine, 309. 

Fanny vein, 299, 305, 306. 
geology: general, 292. 

stratigraphic, 293. 
gold veins, 297. 
history, 291. 
location,^ 289. 
map, veins, 291. 

Maud S. mine, 306. 

Mineral Creek, 290, 291. 
mining, 301. 

Mogollon Mines Co., 301. 

Oaks Co., 307. 
ore deposits, 295, 300. 
ore indicators, 300. 

Pacific mine, 307. 
rhyolites, 290, 294. 
rock types, 293. 
secondary enrichment, 298. 

Silver Creek mines, 301. 
silver veins, 297. 

Socorro Mining and Milling Co., 303. 
topography, 289. 
veins: oliaracter, 296, 
map, 291. 
mineralogy, 298. 

Mogollon Mines Co., 301. 

Montana: chromite, 142. 

manganese deposits, 11, 21, 36. . 

Monte-Plorkb, M. M.: Role of Bed-rod in the Distribution of Hydrocarbons, [xu]. 
MoN'TOtmiEXT, E. L: Disemsion on Chrome-ore Deposits in Cuba, 173. 

Mooue, h3. S. : Disemsion on Rapid Formation of Lead Ore, 321. 

Mooiiw, Raymond C.: Petroleum. Resources of Kansas, [xii]. 

Morpan gas producer, 896. 
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MotrLTON, H. G.: JiJarth and Rod Pmswres Jxiii], 327; Disc^ission, 368. 

Mud Volcanoes of Colombia, South A'lnerica (Hbrold), 324. 


Nason, I'^uank L. : Discussion on Rapid Formation of Lead Ore, 314. 

Nevada, manganese deposits, 13, IS. 

New Angles to the A/pex Law (Shelton), 457. 

Now Cornelia Copper Co., crushing practice, 507. 

Now Mexico: manganese deposits, 14, 18, 37. 

Mogollon district, ore deposits, 289. 

Now York, titaniforons iron ore, 280. 

New York mooting, 1920: hanquot, x. 
committee reports, xi. 
exmirsion to Rush Terminal, x. 
ladies ontortainmont, ix, 
proceedings, ix, 
smoker, ix. 
technical sessions, xi. 

Now 55ealand: map, iron sands, 268. -kt ^ t y 

titaniforous iron sands, sec Iron sands, titmiferous, New Zealand. ^ 

Nminrn, C. Disenssion on Cas-produecr Practice at Western Z%no Hants, 899, 

Nn’cntn, 0. 0. and Beookb, G. B.iOas-produeer Practice at Weston Zinc Plants, 846. 

NoHHtB, It. V,: Disemsion on Kngineoring Features of Modern Large Coal Mines in 
Illinois and Indiana, SAO. _ ^ r o 

N(niTii, WinfiELWH 0.: MiU Operations at United F^astern During 1017 and 191H, .>48. 

North Carolina, chromite, 146. 

Northwest Magnesite Co., 178, 180. 
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Occurrence and Origin of Finely Disseminated Sulfur Compomuls in Coal (Tiuksskn), 
913; Discussion: (Hall), 926, 931; C-Thiessen), 928, 929; (Fulweilkii), 
928; (Porter), 929; (Fielbnbr), 929. , . 

Odell, W. W, and Dunkley, W. A.: Removal of Sulfur from lllwmiuaiuig Gas, (>()(). 
Officers, 1920-21, vii. 

Ohio; coal: Allegheny formation, 706. 

Conemaugh formation, 713. 
distribution, 700. 
fields, map, 699. 

limitations for byproduct coke, 698. 

Monongahela formation, 714. 

Pottsville formation, 702. 
stratigraphic relations, 701. 
structure, 700. 
coke: byproduct plants, 700. 

production, 698. 
map, coal fields, 699. 

Oil Fields of Kentuchy and Tennessee (Glenn), [xii]. 

Oil Fields of Persia (Hunter), [xii]. 

Oliver, Earl: Appraisal of Oil Properties, [xii]. 
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Opaque crystal sections, measurement of degree of. anisotropism, 371. 

Ore, manganese, see v 

Ore Deposits of the Mogollon District (Scott), [xiii], 280; Discussion: (1<eugitson), 310. 
Oregon: chromite, 1.^7, 139, 140, 147. 
manganese deposits, 21. 
mam chromite deposits, 137. 

Oriente Province, Cuba: chromite, 162. 

manganese deposits, 61. 

Origin: chromite, 120, 129. 
manganese deposits, 25, 5(). 
pyrite in coal, 735, 73t), 737. 
sulfur in coal, 019, 926. 

zinc oros, Wisconsin, 225. ^ ^ ^ 

Outdoor Substations in Connection with (Uxd-mining I mtalluHons (\<)UN(i), 617; 

cussion: (Bright), 628; (YouN(i), 620; (ICavenhgn), 629. 

Ovar Canyon, Utah, deposition of minerals, 318, 

Ovens, oofdng, size and shape, 004. 

Ozark mill, Cmlean-mill practice, 537. 

Papers and Publications Committee Report, 1910, xxxvii. 

Parker, E. W. : Discussion on Anthracite Mining Costs, [xii|, 9r»0. 

Parmelee, C, W. : Fffect of Sulfur in Coal Used in Ceramic Industries, 727. 

Parr, S. W. : Sulfur in the Coking Process, 630. 

Parr, kS. W. and Layng, T. E.: [jow-tenipmiiure Carbonkation of (Uml, |xiil, 953. 
Parr, kS. W. and Powell, A. R.: Forms in which Sulfur Occurs in (Uml, 674. 

Paul, J. W.: Disetmums: on Engimwring Features of Modern luirge Coal Mitu's in 
Illinois and Indiana, 844. 

on Geographic Distribution of Sulfur in West Virginia Coat Ikds, 910. 
on Research in the Coal-mining Imlustry, 763. 

Peat: pyrito content, 924. 
sulfur content, ^3. 

Peculiar Type of Inter cry stalUne Brittleness of Copper (Haw'don and LANaDON)» [xii], 
Peele, Robert: Discussion on Unwatering the Tiro General Mim by Air4ifti 454. 
Pennsylvania: chromite, 145. 

^ coal, low-siilfur, 049. 

Peridotite: Klamath Mountains, 180, 
mineralogy, 100, 

Perseverance orebody, Alaska, 404, 465, 466. 

Petroleum in the Argentine Bepublic (Heeold), [xii]. 

Petroleum in the PhUippimes (Smith), [xii]. 

Petroleum Resources of Great Britain (Vkatoh), [xii], 

Petroleum Resources of Kansas (Moore), [xii], 

Philipsburg district, Montana, mangaiu^i deposits, IL 
Philosophy, social, xxiii. 

Physical Changes in Iron and Steel below the Thermal Ctilied Range {xiiij. 



INDEX 


987 


Physical Examination Previous to Employment (Willis), 598: Discussion: (Copelaot), 
605, 606; (Read), 605. 

Physical examination, employees: Copper Queen mines, 599. 

Gompers^ opinion, 601. 
method of making, 602. 
objects, 598. 

rejections, Copper Queen mines, 603. 

Physiographic relations, manganese deposits, 7. 

Pilarcs mine: croppings, 393. 
geology, 384. 
map, 383. 

metamorphism, 387. 
minerals, 390. 

mining : cut-and-fill stoping, 398. 
equipment, 395. 
filling stopes, 407. 
incline shrinkage and fill, 401. 
shrinkage stopes, 403. 
square-set stopes, 406. 
stoping, 398. 
top slicing: flat, 404. 

' inclined, 405. 

ore distribution, 391. 
ore minerals, 390, 
orol)ody classification, 389. 
rock types, 386. 
secondary enrichment, 394. 
section, 385. 
structure, 385. 

Pinar del Rio Province, Cuba, manganese deposits, 99. 

Pintsch gas producer, 897. 

Piocho district, Nevada, manganese deposits, 13. 

Placer mines, settling, 336. 

Placer patent law, Butte district, 457. 

Plants, sulfur content, 919. 

Polarissed light, examination of ores and metals, 370. 

PoLUMMUB, J. ft.: Discimion on the Wisconsirf, Zinc District, 235. 

PoMBUOT, R., JO, H,; Coal'^puUerizing Plant at Nevada Consolidated Copper Smelter ^ 
Ixiii]. 

PoRTMU, It. C.: lasting of Coals for Byproduct Coking and Gas Manufacture, 902: 
Discussion, 910, 912. 

Discussions: on Occurrence and Origin of Finely Dissenmiatcd Sulfur Compounds 
in Coal, 929. 

on Sulfur in the Coking Process, 633, 630. 

Portland mill, Chilean-mill practice, 511. 

Powell, A. R. : Discussions: on Forms in which Sulfur Occurs in Coal, 682. 
oh Some Factors that Affect (he Washahiliiy of a Coal, 781. 
on Sulfur in the Coking J^raccss, 632, 634. 

Powell, A. R. and (Juabtuioe, bhiUDEiiiaK: /SV/wr in /V<)d74ccT Gaa, 717. 

Powell, A, R. and Pauk, 8. W. : Forms in which Sulfur Occurs in Coal, 674. 

I^re-( Cambrian: formations, Lake Huperior, correlation, 206, 
period, Michigan, chronology, 203. 

Precipitation: United lOastern mill, 559. 

Prosidont's report, 1919, xxiv. 

Pressure, earth, see Earth pressure^ 

Problems in the Coal Industry (Mann'XN'g), [xiv|. 
l^rooeodings, Now York mooting, 1920, ix. 

PiiocHASKA^KuNST: Discussion on Some Factors that Affect the Washa()UUy of a Coal, 


Producer gas, see Gas, producer. 
Producers, gas, see Gasmoducers. 
Production: chromite: Cuba, 172. 

United States, 130. 139, 147. 
manganese: Guba, 78. 93. 
iJuited States, 34. 

J^roduots, magnesite, 180. 
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Prospecting, Wisconsin zinc district, 225, 243. 
Proteins, sulfur content, 920. 

Pumping, Wisconsin zinc district, 231. 

Pyrito: in coal: determination, 678. 
forms, 733, 913. 
microscopic, 913. 
origin, 735, 736, 737. 
sections, 914, 915, 916, 917. 
in peat, 924. 

production from coal, amount possible, 640. 
recovery from coal, 637. 
requirements for acid making, 637. 
tests, U. S. Bureau of Mines, 639. 


Railways, demobilization, xvii. . s < 

Rapid Formation of Lead Ore (Whemlioh), [xiii], 311; Discimion: (Nasoni, 314; 

(Kkmp), 316; (WiNCHKLi.), 317, 321; (LiNDcaiKN*), 31S; (Ball), 319; 
(Bateman), 320; (Mooke), 321; (WiikeueiO, 322. 

Raw DON, H. S.: Intercrystalline Brittleness of Lead, lxii|. 

Rawdon, H. S. and Langoon, S. 0,: A Peculiar Type of IntercrystnlLlm BriUlvness 

of Copper, [xii]. . .» ir / rr* t 

Rawdon, H. S. and Scott, Howard: Microstruature of Iron und Mild Steel ai I ugh 
Temperatures, [xiii]. ^ 

Read, T. T. : Report of Progress, Mental Hygiene in Industry, 1919, [xiuj. 

Jjiscussions: Educational Methods at the Copper Queen, 616.^ 
on Method of Curtailing Forces at the Copper Queen, 596. 
on Physical Examination Previous to Employment, 605, 
on Research in the Coalmining hidustry, 766. 

Recent Btudies of Domestic Chromite Deposits (Dildmr), 105. 

Recent /Studies of Domestic Manganese Devosits^ (Harder and Hewett), 3. 

Red Cliff district, Colorado, manganese deposits, 17. • . 

Reese, A. G.: Discussion on Engineering Features of Modern Large (Uml Mines tn 
Illinois and Indiana, 838. 

Refractories, magnesite, manxifacture, 180. 

Relationship of Physical and Chemical Properties of Copper (Antibeed), [xii], 

Remick:, W. L,: Discussion on Milling Plaid of the Alaska (fastincan Mining Co,, 
505. 506. 

Removal of Sulfur from Illuminating Cos (Odeij. and Dunkdey), 060; Dtsumion: 

(Darlington), 671, 673; (Stoek), 671; (Fulwkileh), 671. 

Reports, 1919: Library Committee, xxxviii. 

Monibership Committee, xxxviii. 

Papers and Publications Committee, xxxvii. 
l^rcsident^s, xxiv. 

Secretary's, xxvii. 

Treasuror and Finance Committee, xxxii. * 

Repose angles, 357, 358. 

Reserves: cbroinito: Cuba, 172. 

United States, 148.. 
manganese: Cuba, 78, 93, 103. 

United States, 4-2, 44. 

HSsum6 of the Pennsylvania-New York Oil Field (Johnbon and Huntlev), [xiii, 
Roturnoti soldiers, employment, 594, 597. 

Reverberatory Furnace foi* Treating Converter Blag at Anaconda (Laiht and MAOtJUu;), 
[xii]. 

Research, coal-tnining : British Coal ConRorvation Oornmittt'e, 749. 

Brucoton mine, 945. 
demonstration mines, 045. 
development, 753. 
economics^ 760. 

olficioncy m mining, 753, 703, 766. 
exploitation, 763. 

extraction percentage, 754, 702, 764, 765, 760. 
fields, 751. 

Koolpgy, 762. 
history, 747. 



INDEX 


989 


Research, coal-mining: human relations, 761, 766. 

Illmois University, 765, 768. 
mechanical appliances, 756. 
preparation of coal, 758, 768. 
present status, 748. 
results, 747. 
safety in mining, 755. 

U. S. Government, 750. 
utilization of coal, 759. 

Research in the Coal-’mining Industry (Holbrook), 747; Discussion: (Rutledge), 
761; (Paul), 763; (Zbrn), 764; (Sperr), 764, 766; (Smith), 765, 766; 
(ScHOLz), 765, 766; (Clark), 766; (Read), 766. 

Rhyolites, Mogollon district, New Mexico, 290, 294. 

Rice, George S. : Discussion on the Wisconsin Zinc District, 242. 

Rice, L. V.: Discussio7is: on Engineering Features of Modern Large Coal Mines in 
Illinois and Indiana, 841, 842. 
on Low-sxdfur Coal in Illinois, 643, 644. 

Rid G WAY, Robert: Discussion on Earth and Rock Pressures, 355. 

Rise and Decline in Production of Petroleum in Ohio and Indiana (Bownocker), 
[xii]. 

Roberts, Hugh M. : Discussion on Wedging Diamond-drill Holes, 418. 

Rock Classification from the Oil-drillePs Standpoint (Knapp), [xii]. 

Rock formations, La Salle district, Illinois, 244, 247. 

Rock masses, failure, 327, 338. 

Rock pressure, 327. 

Rock settling: application to mining problems, 344. 

Miami Copper Co. mine, 340. 

Veteran mine, 339. 

Role of Bed-rock in the Distribution of Hydrocarbons (Monte-Flores), [xii]. 

Row, V. P. and Hall, 0. : Wedging Diamond-drill Holes, 413. 

Rutledge, J. J. : Demonstration Coal Mines, [xii], 945. 

Discussion on Research in the Coalmining Industry, 761. 

Safety, coal mining, 755. 

Safety lamp : fluids, sensitiveness, 803. 
gas cap, height : tests, 797, 805. 

variation with temperature, 799. 

Safety work, coal mining. Old Ben Oorp., 831, 844. 

Sampling: Alaska Gastiheau mill, 502. 

United Eastern mill, 566. 

Sand quarries. La Salle district,” Illinois, 252, 265. 

Santa Clara Province, Cuba, manganese deposits, 95. 

Scott, David B, : Ore Deposits of the MogoUon District, [xiii], 289. 

Scott, Howard: Critical Ranges of Some Commercial JSfickcl Steels, [xiii]. 

Scott, Howard and Rawdon, H. S.: Microstructuro of Iron and Mild Steel at High 
Temperaiures, [xiii]. 

SotfOLZ, Carl: Discussions: on Engineering Features of Modern Large Coal Mines in 
Illinois and Indiana, 840, 841, 843, 844. 
on Research in the Coalmining Industry, 766, 766. 

Soholz substation, outdoor, 623, 025. 

Secretary’s Report, 1919, xxvii. 

Serpentine: Klamath Mountains, 135, 130. 
mineralogy, 100. 

Settling: earth, see Barth scUlirig- 

rook: Miami Copper Co. mine, 340. 
mining problems, 344. 

Veteran mine, 339 
Shafts, coal mining, Illinois, 812. 

Shaw, S. F.: Unwatering the Tiro General Mine by Airdift, [xiii], 421. 

Shelton, John A. : New Angles to the Apex Law, 457. 

Shift boss, importance, 614. ^ 

Shoveling, Wisconsin zinc district, 230, 237. 

SiEBENTHAi^, C* E. ; Discussion on Correlation of Formations of Huronian Group in 
Michigan, 210, 

Silver City district, New Mexico, manganose, 14^ 37. 

Silver Creek mines, Mogollon district, New Mexico, 301. 
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Simplified spelling, ballot, xi. 

Sinn, Fkancis: Report of Progress y Accident Prevention, iOlO-fxiii]. 

Smelting: iron ore, effect of titanium, 281, 286. 

titaniferous iron sands. New Zealand, 267, 268, 274. 
titaniferous magnetite, New York, 280. 

Smith, C. W.: Discussion on Low-sulfur Coal in Illinois, 648, 644, 1)45. 

Smith, George Otis: A Foreign Oil Supply for the United States^ [xii]. 

Smith, GEcmaE Otis and Tryon, F. G.: Fluctuations in Coal Production — Their 
Extent and Causes, [xiv]. 

Smith, H. L: Discussions: on Engineering Features of Modern Large Coal Alines in 
Illinois and Indiana, 841. 
ou'Research in the Coal-mining Industry, 7()5, 76t). 

Smith, W, D: Petroleum in the Philip^dnes, ixii]. 

Socorro Mining and Milling Co., 303. 

Soldiers, returned, employment, 594, 507. 

Solution of minerals by mine waters, 314. 

Some Factors that Affect the WashahiliUj of a Coal (Fraskr and Vanoky'), 76S; Dis- 
cussion: (Prochaska;, 778; (AVkndkll), 779; (I)KnAM.vrKR), 779; (IVIruss- 
_ner), 780; (Yancey), 781; (Powell), 781. 

SoxJUER, Harrison : Discussion an Earth and Rock Pressures, 3()6. 

Sperr, F. W., Jr. : Discimio7is: on Eng mevring Features of Modem Large Coal Mines 
in Illinois a7ul Indiana, 844. 
on Research in the Coal-ndning Industry, 764, 7G6. 
on Sulfur in the Coking Process, 634. 

Ox Testing Coals for Byproduct Coking and Gas M anufacture, 910, 912. 

btabilization of the bituminous-coal industry, xiv. 

Btabihzingof Btiimcinons-conl Industry (MoAuliffk), (xiv). 

Standard Oil No. 2 miiio, eoa,l, Illinois, 810, 813, 817, SIS, S22, 824, S3(), S31, 811. 

Stork, It. II,: iSttorage of Bit ufuino us (Uml, (xiv|. 

Discussions: (Ub Geographic Disfribufioti of Bulfiir in- Virginia Coal Beds, 941. 
on Low-sulfur^ ( ^oal in Illinois, r> 15. ‘ 
on Removal of Bulfur fb'oin I Hu m i na fin{f Gas, {\7i. 

Stopxng, sec j\ fining methods, sf oping. 

Storage g Bituminous Coal ()St()Kk), [xiv], 

Wilurr: (''oals of Ohio and Their Li ntiiatitms for Byjnuuhiel (*oke, ()98, 

Stratigraphic relations, manganese deposhs, 8. 

Structural geology, manganeH<». d(‘i)osits, 23. 

Structure, Wisconsin zinc district, 217. 

Substations, outdoor, in coruH^etion wii-h eoal-mining iiiHtallntitum, see <*oal minhig, 
substations, open-air. 

Subway: excavations, 328, 330. 

tunnels, transverse sections, 331, 332. 

Sulfur: bacteria, 922, 927. 
in coal: amicroseopic, 918. 

analysis, (>30, (>75, 677, 081. 
ash elmkcring, 728. 
behavior in <?okitig, 631. 
ceramic industries: amount perm issibUs 727. 
clTect of oxides on (days, 728. 
eiTect of o.xid<*« on glasses and colow, 729. 
objections, 728, 
wasto-iieat <Iriers, 728. 
form: dotennination, 630. 

. occurrence, 674, 677, 771, 913. 
geographical distribution, 941. 
ji:ooIogy, 732. 
illuminating gas, 660. 
hgnito, 735. 

mcclianical separation, 6S3, 690. 
organic, 772, 777, 778, 780, 781, 918, 930. 
origin, 919, 92(h 
peat, 923. 


removability, 770. 
sympiiHium, subjects, 041. 
waslual products, 773. 
weathered and unweathored, 930. 
West Virginia, 932. 
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Sulfur : in coke, form, 630. 
in illuminating gas, 660. 
in limestone, 927. 
in peat, 923. 
in plants, 919. 

in producer gas: amount, 717. 
determination, 718. 
effects, 719. 
form, 717. 
removal, 720. 
in proteins, 920. 
in wood ashes, 921. 
oxide^ effect on clays, 728. 

Sulfur in (Joal, Geological Aspects (As'hl^iy), 732. 

Sulfur in Producer Gas (Crabtree and Powell), 717. 

Sulfur in the Coking Process (Parr), 630; Discussion: (Powell), 632, 634; (Porter), 
633, 636; (Fulweiler), 634; (Sperr), 634; (Fieldner), 636. 

Sulfuric acid, color, 638. 

Superior No. 4 mine, coal, Illinois, 810, 811, 814, 823. 

Swindell gas producers, Illinois Zinc Co., 851, 852, 867. 

Tailings disposal. United Eastern mill, 566. 

Tar, coal, low-temperature distillation, 957, 958. 

Taylor^ G. M. : Discussions: on Chilean'-mill Practice at Portland Mill, 535. 
on Educational Methods at the Copper Queen, 615. 
on Method of Curtailing Forces at the Copper Queen, 597. 
on Mill Operations at United Eastern During 1917 and 1918, 569. 

Taylor, S. A.: Discussions: on Geographic Distribution of Sulfur in West Virginia 
Cool Beds, 941. 

on Low-sulfur Coal in Illinois, 643, 644. 

Teachers, industrial education, 609, 616. 

Temperature regulation, gas producers, 899, 900. 

Temperatures, coking, 633, 634. 

Tennessee, manganese deposits, 12, 14. 

Tensile Properties of Boiler Plate at Elevated Temperatures (French), [xiii]. 

Testing of Coals for Byproduct Coking and Gas Manufacture (Porter), 902; Disewmon: 

(Porter), 910, 912; (Sperr), 910, 912; (Hall), 911, 9lk 
Tests: coal, coking quality, 902. 
coal washing, 776, 777. 
gas proxiucors, 862, 875, 882, 893. 

Texas, manganese deposits, 20. 

Thacher, Arthur: Discussion on Contract Wage System for Mines, 587. 

Thiessen, Heinhardt: Occurrence and Origin of Finely Disseminated Sulfur Com- 
pounds in Coal, 9L%’ Discussion, 928, 929. 

Discussion on Low-sulfur Coal in Illinois, 646. 

Tillbon^ B. F. : Discussion on Earth and Eock Pressures, 366. 

Tintic district, manganese deposits, 17. 

Tipples, coal, Illinois, 820. 

Tiro General Mine, Mexico, unwatering, 421. 

Titanijmms Iron Sands of New Zealand (Aitbel), 266; Discussion: (Bachman), 280. 
Titaniferous magne^tito, New York, smelting, 280. 

Titanium, (effect in smelting iron ore, 281, 286. 

Titanium-bearing iron sands, see Iron sands, titaniferous. 

Tombstone district, Arizona, manganese deposits, 16. 

Topography, Wisconsin zinc district, 217. 

TotroEi) A, Enrique : A p^Mcaiion of the Microscope to the MalleaUe-iron Industry, [xmj. 
Tramming, Alaska Gastmeau Mining Co., 480. s r ■ i 

Transportation as a Factor in Irregularity of Coal Mine Operation (Yerkes), [x;iv]. 
Transportation, ore, Alaska Gastineau Mmmg Co., 483. 

Treasurer's Report. 1919, xxxii. 

Tryon, F. G. ana Smith, George Otis: Fluctuations in Coal Production — Their 
Extent and Causes, [xiv]. 

Tunnel Driving at Copper Mountain, B. C. (IjAOHmunh), 408. 

Tunnel driving. Copper Mountain: bonus system, 410. 
costs, 411. 

drift round, 408, 409. 
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Tunnel driving: drills used, 409. 

results, 411, 412. 

Tunnels in sand and earth, 330. 

United Eastern mill: agitation, 556. 
changes, 548. 
clarincation, 563. 
clean-up, 563. 

costs, 549, 550, 551, 553, 555, 556, 557, 559, 503, 565, 500, 5(‘)7. 
crushing, 550. 
diagram, 560. 
flow sheet, 558, 560. 
grinding: coarse, 552. 
fine, 553, 

heating solution, 508. 
melting, 564. 
operations, 550. 
precipitation, 559. 
sampling, 566. 

screen analysis: ball pcb mill, 552. 

Callow cone products, 555. 
duplex Dorr classifier, 554. 
supplies, 550. 
tailings disposal, 566. 
tonnage, 548. 
vacuum treatment, 569. 

United States, map, chromite deposits, 133. 

U. S. Bureau of Mines: coal mine, experimental, 945. 

investigation on recovery of pyrite from toal, 638. 

U. S. Fuel Administration, Anthracite Division, Bureau of Distribution, 739. 

U. S. Geological Survey: correlation of Iluronian formations, 189, 190, 210. 

manganese-deposits investigations, 3. 

Unwatering: by air-lift, Tiro General mine: air-lift carrier, 423. 
calculations, 439. 
daily data^ 449, 450, 

• delivery-pipe capacity, 437. 
eflicicncy, 

measuring box, 424, 435, 
operation, 424, 430, 431, 433, 437, 450. 
pumping c(|uiprnent, 421. 
submcrgonco, 446). 

Unwatmng the Tiro General Mine hy AMifl (Suaw), fxiiil, 421: (Pr«;Ki,w), 

454. 

Use Classificaiion of Coal (Asux^ky), 782; Discimimi: (IlAiin), 794; (Zmkx), 795; 
(Ashltoy), 795, 

Utah, manganoHo deposits, 17, 20. 

Vacuum treatment, XTnited lOnstern mill, 559. 

Valior mine, coal,. Illinois, 810, 812, 813, 815, HIT, 819, 820, 823, 827, 830, 831. 

Van Hist), correlation of Iluronian formations, 194. 

Variation in Decline Curves of Various Oil I\wiH (J<»HN*st>K), (xii). 

VxuATOH, A. 0. : Petroleum liesources of Great Jiriiahii (xiil* 

Veitsch Magnesite Co., Austria, 185. 

Ventilation, mine, Wisconsin zinc, district, 232, 239. 

Veteran mine, ISevada, rock settling, 330. 

Virginia, ixianganoso deposits, 15, 24, 30, 

Volaiilization in Assattin^ (Dkwky), (xiij. 

Volcanoes, mud, Colombia, 324. 

Wade, W. IIochorb and Wandtkr, Ai.frri>: Gealagy and Mining MHhmk <U PUurm 
MinOf 382. 

Wage system: bidding, 591. 

contract, see Contraci wage sysimu 
Wall-charts, milling, 575. 

Wanotke, A%imm and Wadi!, W. IIoorhs: Getdogy md Minifig d Pidm 

MinCj 382. 
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Washing, coal, see Coal washing. 

Washington: chromite, 141. 
magnesite, 177. 

Water Displacement in Oil and Gas Sands (Johnson), [xii]. 

Wedging Diamond-drill Holes (Hall and Row), 413; Discussion: (Roberts), 418. 
Wendell, Carl A: Discussion on Som.e Factors that Affect the Washahility of a Coal, 
779. 

West Virginia: coal: fusibility, 943. 
sulfur content, 932, 936. 

map, coal fields, 932, 933, 934, 935, 938, 939, 940, 941. 

Wheeler, H. A.: Rapid Formation of Lead Ore, [xiii], 311; Discussion, 322. 

White, David: Genetic Problems Affecting the Search for New Oil Regions, [xii]. 

White, I. C. : Geographic Distribution of Sulfur in West Virginia Coal Beds, 932. 

White Pine district, Nevada, manganese deposits, 18. 

Willis, Bailey: Geologic Distillation of Petroleum, [xii]. 

Willis, Charles F. : Educational Methods at the Copper Queen, 607. 

M cthod of Curtailing Forces at the Copper Queen, 593. 

Physical Examinalion Previous to Employment, 598. 

Wilson, E. B.: Discussion on Height of Gas Cap in Safety Lamp, 801. 

Wilson, H. M. : Discussio7i on Demonstration Coal Mines, 949. 

WiNCiiELL, H. V.: Discussion on Rapid Formation of Lead Ore, 317, 321. 

Zinc District (Boericke and Garnett), 213; Discussion: (Polhemus) 
235; (De Wilde), 237; (Cox), 240; (Kelly), 241; (Rice), 242; (Boe 
ricke), 242; (Ede), 242; (George), 243. 

Wisconsin zinc district: Cokerville mines, 222. 
drilling, 220. 
genesis of ores, 225, 
geology, 210. 
history, 215. 

Hoskins mill, 233, 234. 

Kennedy mine, 223, 224. 
map, 214. 
milling, 232, 230. 
oil rock, 237. 240. 
operating, 228, 230, 239. 
ores. 219. 

pitclios and flats, 220. 
production, 215. 
prospecting, 225, 243. 

Roberts mine, 221. 
structure. 217, 
topography, 217. 

Woman^s Auxiliary, Annual Mooting, 1920, xv. 

Wood gas producer, 883. 

WinciHT, Fred E. : Examination of Ores and Metals in Polarized Light, [xiii], 370. 
Wyoming, chromite, 144. 

Vanoey, H. F.: DiscAission on Some Factors that Affect the Washahility of a Coal, 781. 
Yancjey, H. F. and Fraser, Tixouab: Some Factors that Affect the Washahility of a 
Coal, 708, 

Yenhen, T. D. : Forgeability of Iron-nickel Alloys, [xiii]. 

Yerkes, B. Ij, : Transportation as a Factor in Irregularity of Coal Mine Operation, [xiv]. 
Young, 0. M,: Height of Gas Cap in Safety Lamp, 797. 

Discussion on Engineering Features of Modern Large' Coal Mines in Illinois and 
Indiana, 842. 

Young, C, M. and ITerbiort, C. A.: Engineering Features of Modern Large Coal Mines 
in Illinois and Indiana, 808. , 

Young, H, W.: Outdoor Substations in Connection with Coal-mining Installations, 617; 
Discussion^ 629. 

Zapffe, Carl; Discussion on Correlation of Formations of Iluronian Group in Michigan, 
209. 

21ern, E. N.: Discussions: on Engineering Features of Modern Large Coal Mines in 
Illinois and Indiana, 843. 
on Research in the Coal-mining Industry, 764, 
on A Use Classification of Coal, 796, 
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Zinc: Illinois, map of district, 214. 

Wisconsin: history, 215. 
map of district, 214. 
production, 215. 
prospecting, 226, 243. 

Zinc milling: Hoskins mill, 233, 234. 

.Wisconsin 232, 236. 

Zinc mining, Wisconsin: breaking ground, 229, 239 
haulage, 231, 236, 239. 
labor, 232. 
pumping, 231. 

shafts and hoisting, 229, 236, 239, 241. 
shoveling, 230, 237. 
ventilation, 232, 239. 

Zinc ore, Wisconsin : genesis, 225. 
occurrence, 219. 

Zinc smelting, gas producers, 846, 849, 851. 











